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ABSTRACT 
Household Solid Waste Management has become problematic in urban areas especially 
in developing countries like Sri Lanka due to increased waste generation and financial 
constraints. The main objective of this research was to design an economic instrument 
with policy suggestions in order to address the household solid waste management 
problem in Dehiwala – the Mt. Lavinia Municipal Council area in Sri Lanka. In order to 
reduce the quantity of waste by encouraging sustainable solid waste management 
practices, the importance of a bag-based waste collection charge was identified. This 
study was undertaken using a sample of 300 households using a face-to-face 
questionnaire survey and a waste quantification study.  
 
The average daily household waste generation was found to be 1783.3g with daily per 
capita waste generation of 404.5g. The average composition of waste was; 85.6% 
organic, 4.9% paper, 2.8% plastic, 0.7% glass, 0.9% metal and 5.1% other waste. The 
determinants of daily per capita waste quantity in the regression models were; income, 
education level and the size of household. Waste separation practices are not at 
satisfactory levels. For the waste separation model; income, job percentage and the 
education level, frequency of waste collection, regularity of the collection and door-to-
door collection were found to be the significant determinants.  
 
The linkage between awareness, attitudes and the behavioural intentions of the 
households regarding sustainable waste management practices were obtained by a 
principal component analysis. The Choice Experiment method indicated that 
households’ highest preferences were for “a source separated waste collection, a three 
times per week door-to-door waste collection with a zero monthly charge”. The average 
willingness to pay for an improved waste collection service was obtained using 
Contingent Valuation Method as Rs.9.49 per 5kg waste bag. The determinants of the 
willingness to pay were; income, quantity of waste, respondent’s age over 60 years, 
vehicle collection, once a week collection and twice a week collection.  
 
The charge level for a 5kg waste bag was determined as Rs.35.00 by considering the 
total cost of waste management, which was Rs.34.50. The average willingness to pay 
value of Rs.9.49 can be used in policy decisions in order to determine the charge level at 
the implementing stage and to subsidize low income households.  
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CHAPTER 1 
Introduction 
  
This Chapter aims to provide the following information: a brief background to this 
study; an explanation as to why this particular topic needs to be studied; the Sri Lankan 
context regarding Household Solid Waste (HSW) problem; current situation of the 
study area; the justification and significance of the study; the objectives of the study; 
and the layout of the thesis.  
 
1.1. Background 
Before considering the details of the waste problem in urban areas it is essential to 
define the term “waste”. Waste is described as unwanted or discarded material resulting 
from agricultural, commercial, communal and industrial activities and includes solids, 
liquids and gases (Medcities, 2003). Waste generation is higher in the urban areas of 
developing countries (Jalil, 2010). The reasons for this higher amount of waste are 
higher population densities and the use of more resources in those areas which are 
subject to urbanization and its associated economic success (Cohen, 2005; Jaramillo, 
2003; Rouse & Ali, 2008; World Bank, 2014). According to Rouse and Ali (2008), 
daily per capita (DPC) solid waste generation is about 0.5kg in low-income countries 
while it is about 2kg in high-income countries. Even though waste generation is lower 
in developing countries, the inability to manage the higher waste load due to financial 
and technical barriers results in a considerable level of waste related pollution and 
associated problems (Jaramillo, 2003; Shekdar, 2009; United Nations Environment 
Program [UNEP], 2005a; Zerbock, 2003). This is especially normal in the countries 
where local authorities (LA) manage the general tax collected from households for 
providing most of the services (United States Environmental Protection Agency, 
1997a). According to Coffey and Coad (2010) and, Tyson (2006), low tax levels which 
are charged for providing all the services reduce the expected benefits. Other than the 
insufficient budget issues, DPC solid waste generation is also increasing due to the 
nature of lifestyle in urban areas (Coffey & Coad, 2010). In general, solid waste 
management has become a major problem in developing countries and, therefore, waste 
problems in the urban areas should be given a higher priority. However, waste 
management is always considered as a minor problem in developing countries as 
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national expenditure is mainly diverted to produce food items and other essentials, such 
as health services and education (UNEP, 2005a).   
 
Solid waste in urban settings includes municipal and industrial solid waste (United 
States Environmental Protection Agency, 2006). Municipal solid waste receives much 
attention as it is produced in residential areas. Municipal solid waste comprises; all 
household solid waste, commercial solid waste, institutional wastes, street sweepings, 
construction and demolition debris and non-hazardous sludge discarded in urban areas 
and collected (transported and finally disposed) by a municipality (Coffey & Coad, 
2010; Hoornweg & Bhada-Tata, 2012; Jaramillo, 2003; Medina, 2002; United States 
Environmental Protection Agency, 1995; Waste online, 2006). The HSW is the main 
contributor (75%) of municipal solid waste collected in many developing countries, 
including Sri Lanka (Coffey & Coad, 2010; Wijayapala, 2003). It is very important to 
manage and study HSW due to the magnitude of the problem and its relevance to the 
general public. As a “household” is operated as a unit, the waste generation and disposal 
practices of a particular household are unique and its members are committed to a 
particular set of waste related habits (generation, separation and disposal). Therefore, 
managing HSW requires a different approach and should be studied separately from 
municipal solid waste in order to minimize the impacts of HSW on the environment and 
society. 
 
The harmful impact of HSW cannot be easily separated from that of municipal solid 
waste; this is due to their interrelatedness and an insufficient number of studies being 
carried out. However, notwithstanding this, it is important to understand the harmful 
impact of solid waste when improving sustainability in urban areas. Solid waste has an 
undesirable effect upon the human and natural environment in terms of biological, 
economical, chemical, physical, mechanical and psychological means (European 
Environment Agency [EEA], 2003; Hanks, 1967). Waste decomposes aerobically or an-
aerobically, emitting polluting gases into the atmosphere (including greenhouse gases), 
(EEA, 2003). In addition, polluted leachate from dumping sites pollutes surface and 
ground water as well as land (Ali et al., 1999; EEA, 2003; Jaramillo, 2003; Rees, 2005). 
The additional problems of fire hazards, diseases spread by mosquitoes, flies and 
rodents, pollution related diseases, social stress, and the decrease in land values cannot  
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be ignored (Ali et al., 1999; UNEP, 2005a). These harmful impacts prevail throughout 
the waste cycle, i.e., waste generation, collection and disposal.  
 
The collection and disposal of waste generated in urban areas is a major service 
provided by LAs in order to ensure the public’s health; however, this service is not 
satisfactory in many developing countries (Hoornweg & Bhada-Tata, 2012, p.13). The 
larger quantity of waste generated in many developing countries is beyond the 
manageable capacity of many LAs, essentially due to financial issues (Ogawa, 1996, 
Rees, 2005; Rouse & Ali 2008; UNEP, 2005a). In many developing countries, LAs are 
suffering from lower budgets allocated for the purpose of waste management. Even 
though up to half of their operational expenditure goes toward waste management, the 
allocated share is not enough to manage the increasing waste load in urban areas (World 
Bank, 2011). When solid waste is not properly collected it usually ends up being 
disposed of at the roadside or on public land. Approximately 30-60% of the solid waste 
generated in developing countries remains uncollected (Shekdar, 2009 World Bank, 
2011). However, even the collected waste is disposed of on open dumps or unprepared 
landfills (Hoornweg & Bhada-Tata, 2012, p.5). Therefore, both the collected and 
uncollected waste causes pollution and other related problems in urban areas. Further, a 
lack of effective legislation, technical knowledge, and public support also results in an 
inability for LAs to provide efficient services (UNEP, 2005a). According to Henry, 
Yongsheng and Jun (2006), these problems and their magnitude are area-specific and, 
hence, each situation should be studied separately. Having said this, it is important to 
understand the current situation in Sri Lanka. 
 
1.2. Sri Lankan context 
As a developing country, Sri Lanka is no exception to experiencing waste related 
problems. However, solid waste management is a somewhat neglected item on the 
agenda of economic development. For this reason, solid waste management has become 
a major environmental and social problem in many urban areas of Sri Lanka and is 
especially problematic in the western province (Ministry of Environment Sri Lanka, 
2011, p.155). In order to solve the waste problem in Sri Lanka it is important to 
understand the causes of the problem in detail.  
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Waste generation is higher in urban areas due to larger population densities caused by 
urban migration brought about as a result of prevailing economic, administrative and 
other opportunities. The resultant population growth in urban areas and a higher number 
of daily commuters to urban areas adds more weight to the problem. According to 
estimations, the DPC generation of municipal solid waste in many urban municipalities 
of Sri Lanka ranges from 0.5 to 1.09kg, with the highest waste generation being 
reported in the Colombo Municipal area (Ministry of Environment and Natural 
Resources [MENR], 2005). According to the Ministry of the Environment and Natural 
Resources in Sri Lanka, the quantity of waste generated in urban areas is increasing year 
by year (MENR, 2005). The resultant higher mixed waste load is beyond the 
manageable capacity of LAs with their current allocated budgets.  
 
This situation causes inefficient waste collection services in many urban areas (United 
Nations Environment Program [UNEP], 2001b). The municipal waste collection, 
including the HSW collection, is dealt with by the LAs. There are three types of LAs, 
namely; Municipal Councils, Urban Councils and Pradeshiya Sabhas (UNEP, 2001b). 
However, only Municipal Councils and Urban Councils provide waste collection 
services to households. In Pradeshiya Sabhas, which are responsible for rural areas, 
waste collection services are not normally offered to households.  Usually, waste 
generation in these areas is minimal and waste disposal is not problematic. Waste 
collection services are the most expensive component of the waste management system 
due to higher waste loads. Many LAs in Sri Lanka spend approximately 80% of their 
municipal waste management expenditure on waste collection and transport (Asian 
Institute of Technology, 2004). In most urban areas, waste collection and disposal is 
undertaken by LAs themselves while some hire private companies.  
 
Furthermore, the open dumping also causes many environmental and social problems. 
Almost all LAs practice open dumping and it is the most prevalent method of waste 
disposal (UNEP, 2001b; Sunday Times, 2009). This method is being practiced mainly 
due to financial and technical constraints. However, even with these constraints, Sri 
Lanka has, with the help of foreign aid, been able to establish several sanitary 
landfilling sites in recent years. Currently, the “Pilisaru” project of Central 
Environmental Authority and the Ministry of Environment is administrating and 
financing the establishment of sanitary landfill sites in Dompe, Anuradhapura, Kandy, 
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Hikkaduwa and Panadura with the help of soft loans from Korea (Pilisaru, 2011). Even 
though the need to separate household hazardous waste from general waste was 
included in the National Environmental Policy of Sri Lanka, it is not being practiced 
(Ministry of Environment and Natural Resources [MENR], 2009). Unfortunately, there 
are only a few hazardous waste incineration plants in hospitals, industrial parks and 
some controlled disposal sites. 
 
Financial issues, weak regulatory enforcements, a lack of general public commitment, 
and a lack of focus and research on HSW were identified as the main causes of the 
above discussed HSW related problems in Sri Lanka. These four aspects are discussed 
further in the following sections in order to acquire a better understanding of the Sri 
Lankan situation.  
 
1.2.1. Financial issues 
The lack of financial investment and associated technological constraints hinder the 
provision of a better service by the LAs. In many urban LAs the available financial 
resources are insufficient to cost effectively handle the ever increasing amount of waste. 
Local authorities in developing countries spend approximately 20-50% of their budgets 
on waste management (World Bank, 2011). However, low budgets in these countries 
and, hence low shares for waste management mean that the LAs are unable to handle 
the waste load in environmentally sound, economically viable and socially acceptable 
ways.  
 
As a consequence there is a gap that is created between the quantity of waste generation 
and collection (UNEP, 2001b). The left over waste bags on roadsides are damaged and 
scattered by stray animals such as dogs, cows and birds. Approximately 80% of LA’s 
waste management expenditure often goes toward waste collection (UNEP, 2001b). 
Waste disposal is also causing many environmental and social problems in urban areas 
due to financial and technical barriers (MENR, 2009). Even though the sanitary land 
filling method was considered as the most suitable practice for waste disposal 
(Dijkgraaf &Vollebergh, 2003), this method is not commonly used in Sri Lanka. The 
prevalent disposal methods of open dumping and uncontrolled burning are the cheapest 
methods adopted by most LAs (UNEP, 2001b; Coffey & Coad, 2010). These 
unmanaged waste dumps act as breeding grounds for many of the disease vectors (flies, 
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mosquitoes and rats) whilst uncontrolled burning emits toxic fumes into the 
environment. It is therefore very important to either increase the LA’s budgets and 
shares to a sufficient level or reduce the quantity of waste to be managed to a reasonable 
level through waste minimization and recycling.  
 
1.2.2. Lack of regulatory enforcement 
In Sri Lanka, both the national government and LAs have the legal and regulatory 
powers relating to solid waste and hazardous waste disposal (UNEP, 2001b). The 
national government is responsible for developing the policies, strategies and legal 
provisions regarding waste management. The National Policy on Solid Waste 
Management, is the main policy in this regard which was formulated in 2007, (MENR, 
2007) and which states; 
 
1 To ensure environmental accountability and social responsibility of all 
waste generators, waste managers and service providers.  
2 To actively involve individuals and all institutions in integrated and 
environmentally sound solid waste management practices. 
3 To maximize resource recovery with a view to minimizing the amount of 
waste disposal. 
4 To minimize adverse environmental impacts of waste disposal to ensure 
the health and well-being of the people and ecosystems.  
 
In order to facilitate the National Policy, the National Strategy for solid waste 
management provides guidance on four main areas. Those areas are: 
 
1. Prioritize waste minimization using recycling and other forms of 
environmentally sound disposal; 
2. Reuse non‐avoidable waste as far as possible; 
3. Maintain the content of hazardous substances in waste at the lowest possible 
level and; 
4. Guarantee an environmentally sound residual waste treatment and disposal 
system as basic prerequisites for human existence. 
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Under the National Policy there are three main legislative enactments and regulations 
regarding solid waste management. These are: the National Environmental Act, 
Provincial Councils Act, and Local Government Ordinances.  Section 23 National 
Environmental Act No. 47 of 1980 (amended by Act No. 56 of 1988) has provided a 
legislative framework for environmental protection (UNEP, 2001b). According to 
Section 12 of the Act, “the Central Environmental Authority may, with the concurrence 
of the Minister, from time to time, give to any LA in writing such directions, whether 
special or general, to do or cause to be done any act or thing which the Authority deems 
necessary for safeguarding and protecting the environment within the local limits of 
such LA”.  In 2005 the Central Environmental Authority provided a “Technical 
Guideline on Solid Waste Management in Sri Lanka” (Central Environmental 
Authority, Sri Lanka, 2005).  
 
Furthermore, the 13th amendment to the Constitution (1987) was made to decentralize 
power and delegate it to the Provincial Councils. With that power, the Provincial 
Councils Act, No. 42 of 1987 contains provisions for waste management. There are 
three local government ordinances that provide legal provisions for managing municipal 
solid waste. These are: Municipal Council Ordinance No. 16 of 1947 (sections 128, 129, 
130); Urban Council Ordinance No. 61 of 1939 (sections 118, 119, 120) and the 
Pradesheya Sabha Act No. 15 of 1987 (Sections 93, 94, 95). In addition to these, the 
Police Ordinance No 16 of 1865 Section 68(g), Nuisance Ordinance No. 15 of 1862 
Section 2(3) and 2(12) and the Hazardous Waste Regulations also provide legislation 
regarding solid waste management in Sri Lanka. 
 
As enabled by the above Acts, Local Government Ordinances (the Municipal Councils 
Ordinance of 1980), the Urban Councils Ordinance and the Pradeshiya Sabha Act No. 
15 of 1987 have provided the legal framework for waste management at local 
government level. Therefore, the amount of waste collected within the boundary of any 
LA has to be managed by the particular LA. Further, LAs have the authority to develop 
by-laws which are required to manage the waste in their areas (UNEP, 2001b). 
However, the current haphazard waste disposal practices need to be avoided by 
strengthening the regulations and enforcement.  
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Having said that, the legal framework for solid waste sufficiently covers most aspects of 
the waste management sector. However, due to a lack of governance, poor law 
enforcement is common in Sri Lanka (MENR, 2009). This makes harmful and illegal 
waste disposal methods are practiced by both the general public and LAs. Fly tipping at 
road sides, on public land and in waterways is very common in urban areas. LAs and 
other waste handling bodies select the cheapest options for waste disposal (i.e. open 
dumping, uncontrolled burning, etc.) without conducting proper environmental impact 
assessments or taking appropriate precautions in order to avoid harmful impacts. To 
avoid this problem, political system and the governance needs drastic improvements. 
Strengthening the policies where it required is also vital for Sri Lanka. Further, the 
current prohibition of charging households on the disposal of mixed waste makes it 
difficult to introduce a waste collection charge for household sector (Ministry of 
Environment and Natural Resources, 2008). Therefore, policy changes are needed in the 
regulatory system. 
 
1.2.3. Lack of public commitment 
Sustainability in waste management can be achieved by following the waste hierarchy 
which contains the following steps: reduce, reuse, recycle, recover, and safe disposal 
(Hoornweg & Bhada-Tata, 2012). These steps help to reduce the quantity of waste 
being disposed of as mixed waste in landfills, by extracting important resources from 
the total quantity of waste. As in many developing countries, a lack of commitment for 
sustainable solid waste management practices from the general public can also be 
witnessed in Sri Lanka. As a result, a higher quantity of mixed waste is given to local 
authority waste collection services. Due to the low level of waste separation practices by 
households, LAs only offer a mixed waste collection service. The use of recyclable 
waste collection centres is minimal in many areas. Illegal dumping and uncontrolled 
burning, which are banned due to their harmfulness, are also commonly practised.  
Furthermore, NIMBY (Not In My Back Yard) syndrome is also prevalent. Public’s 
opposition to siting even sanitary landfill sites in residential areas is common (UNEP, 
2001b). This results in LAs continuing with open dumping methods and with their 
associated cost to society.  The lack of pro-environmental behaviour among households 
makes it difficult for LAs to manage the HSW in a sustainable way, on lower available 
budgets. Changing irresponsible attitudes regarding waste management is a daunting 
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task for LAs. However, this can be achieved through education, awareness programmes, 
incentives and policy changes.  
 
1.2.4. Lack of focus and research on HSW 
As in other developing countries, HSW sector is not treated as a separate sector in Sri 
Lanka. As a result, research studies regarding households’ waste generation, related 
practices, related attitudes, the revealing of preferences and the valuation for a waste 
collection service are not common in Sri Lanka. This is especially true for studies on 
selecting and designing economic instruments for the HSW sector. As a consequence of 
this, a lack of awareness prevails among the authorities and policy makers on HSW 
problem and the possibilities for correcting this problem. 
 
1.3. Aim and objectives of the study 
The main aim of this study was to develop an economic instrument with policy 
suggestions to address the HSW management problem.  This has been achieved through 
following objectives: 
 
1. Determining of the current status of household solid waste generation, composition, 
waste separation and disposal practices for the selected location.   
2. Revealing households’ awareness, attitudes and behavioural intentions (AAB) in 
relation to sustainable solid waste management practices. 
3. Revealing households’ preferences and willingness to pay for an improved waste 
collection service.  
4. Examining available economic instruments in order to suggest a suitable economic 
instrument for reducing HSW. 
5. Providing a method and information required to develop an economic instrument 
(waste collection charge) with a view toward designing a sustainable solid waste 
management system. 
 
1.4. The case study area – the DMMC area 
In order to find solutions for the HSW problem in Sri Lanka, Dehiwala – the Mt. 
Lavinia Municipal Council (DMMC) area was selected as the case study area. The 
DMMC is the second largest municipality in Sri Lanka, is an urbanized area in Western 
Province close to the capital and also a part of the greater Colombo metropolitan area, 
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which shows a clearer picture of the urban waste problem in Sri Lanka. The extent of 
the study area is approximately 21.17km2 with a population of 182,747 and 
approximately 48,289 households (Department of Census and Statistics, 2011). This 
area is highly urbanized with the third highest population density of 9910 No./km2. The 
Colombo Municipal Council and Kalmunai Municipal Council areas are the other two 
highly populated areas in Sri Lanka (MENR, 2005). The area of the DMMC is divided 
into 29 wards for administration purposes.  
 
The DMMC area is a mix of upper and middles class houses, slums and shanty-
dwellings, industries, hotels, institutions (educational and administrative), hospitals, 
market places and religious buildings. Furthermore, there are protected wetlands (the 
Bellanwila and Attidiya marshes), water bodies (Weras ganga and Bolgoda lake) and 
agricultural lands within the DMMC area (Wijayapala, 2003). The DMMC, as a 
municipal council, has responsibility for the city’s affairs, including waste its 
management. A map of the DMMC area is presented in Figure 1.1. 
 
 
Figure 1.1: The DMMC area map  
Source: Survey Department, Sri Lanka.  
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The quantification of HSW in the DMMC has not been made in the past except the “city 
profile report” of 2003 (Wijayapala, 2003). According to that study, the daily HSW 
quantity was 159 tonnes which is a part of the daily total solid waste quantity of 271 
tonnes. However, this daily total quantity of solid waste was not consistent with the 
daily total waste quantity of 150 tonnes reported in the ‘Waste Database - Sri Lanka’ 
(MENR, 2005). In addition, the method of estimating HSW in the reports of Wijayapala 
(2003) was unknown. For these reasons, the HSW figure of 159 tonnes in that report, 
for daily HSW, cannot be considered as accurate. As HSW generation was not studied 
properly or recently there is a greater need for reliable data regarding waste generation, 
composition, current practices and collection in the DMMC area. 
 
Generally, the DMMC area represents the waste management problem in most urban 
areas of Sri Lanka. Waste collection and disposal is problematic in the area as is the 
case in many other LAs. The quantity of collected waste is at an unmanageable level 
due to a highly urbanized lifestyle and other economic activities. Total expenditure on 
waste management was approximately Sri Lankan Rupees (Rs.) 289,928,000, with 
approximately 30% of the budget being spent annually on waste collection and waste 
disposal (Dehiwala – Mt. Laviniya Municipal Council, 2013, p.107-110). However, this 
amount is insufficient to deal with the large quantity of waste generated in the area. 
 
The DMMC collects the waste generated within the city boundaries, including from 
households, institutions, commercial premises, small industries and roads. As 
mentioned above, according to the Waste Database (MENR, 2005), the daily total waste 
collection in the DMMC area is approximately 150 tonnes. Although the largest 
allocated cost of the municipal budget is for waste collection, a considerable proportion 
of waste remains uncollected (Wijayapala, 2003). This causes public dissatisfaction and 
waste related pollution in the area. In addition, the waste collection service is inefficient 
due to infrequent and irregular collections.  
 
The DMMC currently offers only a mixed waste collection service. The lack of a 
separate recyclable waste collection service results in less incentive for households, and, 
therefore little recyclable waste is collected. Sustainable solid waste management 
(SSWM) practices are also rare in the DMMC area as well as elsewhere in Sri Lanka. In 
order to encourage waste recycling and composting at household level, the local 
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authority has introduced several recyclable waste collection centres, known as “Eco 
Kiosks”. Some households voluntarily handover separated glass, paper and polythene in 
these centres. However, the quantity of recyclable waste collected is not particularly 
high. Composting is also operated at household level in small quantities. The reasons 
for such a low level of recycling are likely to be due to the busy urban lifestyle of the 
population, lack of sufficient facilities, lack of sufficient enforcement regarding waste 
management procedures, lack of incentive and many other minor reasons. 
 
Disposing of the waste collected in this area is a responsibility of the DMMC. The 
prevalent practice of waste disposal is “open dumping”. This method causes many 
environmental and social problems in the area. For many years the DMMC disposed of 
the majority of its waste at the “Karadiyana” marsh land (approximately 25 acres) 
which has become a rubbish heap (Dassanayake, n.d.). In recent years, the Central 
Environmental Authority converted this disposal site into a “controlled land filling” and 
composting site by the “Pilisaru” project (Solid waste forum, 2010). Minimizing the 
environmental impact is essential in this area as it is an ecologically sensitive area with 
wetland, waterways and coastal zones. 
 
The residents within the DMMC area pay 6% of their annual property value as a 
“council tax” for receiving certain urban services from the city council, including waste 
collection (Wijayapala, 2003). This represents approximately 27% of the revenue of the 
DMMC (Dehiwala – Mt. Laviniya Municipal Council, 2013). However, the DMMC has 
stated that the generated revenue from council tax and other funds is insufficient to 
provide all the services in the city, including waste management. Residents are 
complaining about the unsatisfactory waste management in the area but the DMMC is 
unable to provide a better service under its current budget due to an unmanageable 
waste load. Increasing the tax rate is also difficult due to public and political 
disagreements in the area.  
 
Therefore, the answer lies in either generating extra income or reducing the waste load 
to a manageable level. It is very important to gain support from the general public in 
order to reduce the mixed waste load to a sustainable level. Encouraging households to 
separate recyclable waste at source will eventually minimize the mixed waste load. On 
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the other hand, the money generated from recyclable waste can be used to provide a 
better service at a lower environmental and social cost.  
 
1.5. Justification and significance of the study 
Sustainable management of the HSW sector is important in order to curtail the adverse 
impact on society and the environment. As discussed in Section 1.2, financial issues, the 
lack of regulatory enforcement, a lack of focus and research, and a lack of public 
commitment were identified as the main barriers for managing HSW sustainably, 
especially in the urban areas of Sri Lanka. These problems are common in many 
developing countries as increasing the allocated budgets’ of LAs is difficult. Therefore, 
in order to provide a better service under existing budgets and resources, it is important 
to reduce the amount of waste collected as mixed waste. This can be achieved by 
encouraging sustainable practices among households. For this to happen, it is essential 
to understand the views and perceptions of the general public regarding waste. A lack of 
sufficient and updated data regarding the HSW sector is common in Sri Lanka, as in 
many developing countries. This therefore hinders the compilation of a proper HSW 
management plan, identifying financing mechanisms to enhance LAs budgets and 
justifying necessary policy changes. This study attempts to fill the data gaps in the HSW 
sector in the DMMC area.  
 
The current status of HSW generation needs to be estimated as the first step to 
understanding the magnitude of the problem in the HSW sector in the study area. The 
lower collection percentage of HSW is identified as a major problem in urban areas in 
Sri Lanka (UNEP, 2001b). Currently, LAs are working with municipal solid waste 
(from households, institutions, commercial premises, street sweepings, and construction 
debris) figures obtained from disposal sites. Using the collected total waste amounts 
instead of HSW generation data, results in a poor understanding of the problem in the 
HSW sector. The composition data of HSW is also very important in order to design the 
most appropriate waste collection service that will improve recycling and recovering. 
Due to the large amount of mixed waste being generated and disposed of by households, 
it is important to increase recycling in order to reverse as much waste going to landfills 
as possible. It is cost effective and efficient when the separation of recyclable waste is 
carried out at source (household level), (UNEP, 2005a). Waste separation practices by 
households are also important as it determines the effort of waste recycling. Although 
14 
 
the prevalent waste disposal method by households is handing it over to municipal 
collection vehicles, other methods, such as composting, burning, burying, recycling and 
illegal dumping on roadside and public land, are common in the study area. Therefore, 
understanding the types of waste and their disposal methods is useful in managing 
HSW. More importantly, understanding the determinants of the waste generation, 
composition, separation and disposal practices are essential in encouraging proper 
methods whilst discouraging unsuitable practices at household level. The waste 
collection service needs to be efficient and convenient from the point of view of 
households.  In this regard, it is important to reveal the frequency of waste collections, 
the regularity of the collection days and the methods of collection in order to understand 
the shortfalls of the service.  
 
As mentioned above, it is important to encourage sustainable waste management 
practices in order to reduce the waste load to a manageable level. Further, disposal 
practices such as land filling or the uncontrolled burning of recyclable waste, which can 
be used as an input in the production process, are not sustainable from a resource point 
of view (Costi, Minciardia, Robbaa, Rovattib & Sacilea, 2004; Ngoc & Schnitzer, 2009; 
Troschinetz & Mihelcic, 2009). To understand the possibilities for reducing, reusing, 
recycling and recovering of waste at household level, it is essential to study the 
willingness of households to support such activities by revealing their awareness, 
attitudes and behavioural intentions (AAB) regarding those practices.  
 
Another significant contribution of this study is revealing households’ preference and 
WTP for an improved waste collection service. Revealing what the general public prefer 
to receive from a waste collection service is not common in developing countries. The 
preferred features of an improved waste collection service are better obtained from 
households, who are the main stakeholders of the HSW sector, as a “bottom up 
approach”. When examining the possibility of charging for waste collection services it 
is vital to obtain the view of households regarding their willingness to pay (WTP) for 
such a service; this information is needed in order to source a financing method for the 
LA which helps in providing a better service.  
 
Generally, due to the additional time and effort needed to undertake waste separation 
practices, it receives low support from households. This is also common in the DMMC 
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area. Waste minimizing efforts are also rare, as in most developing countries. The 
command and control approaches, awareness programmes and waste recycling facilities 
seem unable to encourage households to separate a fair amount of recyclable waste and, 
hence, to reduce the amount of waste that ends up at landfills to a satisfactory level.  
 
On the other hand, economic instruments, especially charges, were proved to be 
successful in motivating people in waste separation and recycling over the world for 
many years (Bernstein, 1997; Inter-American Development Bank [IADB], 2003b; Legg 
et al., 2006). Out of all the possible economic instruments for managing HSW, the 
waste collection charge (WCC) has shown significant success in many countries 
regarding encouraging household waste reduction and recycling (Bauer & Miranda, 
1996; Fullerton & Kinnaman, 1995). WCC provides a better solution to the problem of 
LA’s insufficient budgets in developing countries (Tyson, 2006). However, uses of 
economic instruments, especially waste collection charge for HSW management, are not 
available in Sri Lanka as in many developing countries. The lack of sufficient studies in 
developing countries regarding this issue makes it very difficult to implement such a 
system in Sri Lanka. This study provides a method for designing a WCC for the HSW 
sector which is a significant contribution to the knowledge on HSW management. These 
findings will help the policy makers to design a socially acceptable, economically viable 
and environmentally friendly waste management system in the DMMC area. 
 
Having said that, the contribution of this study is consists of originality in the study 
area, Sri Lanka and the knowledge base of this subject matter. As discussed in the 
previous sections, this study is the first attempt to examine HSW generation, 
composition, separation and disposal practices, and the features of the waste collection 
service along with the determinants in the DMMC area. Furthermore, there are no 
previous studies that focused on households’ AAB in relation to sustainable waste 
management practices, revelling households’ preferences and valuation for an improved 
waste collection service and designing a WCC in Sri Lanka. Finally, this study 
contributes to the knowledge by suggesting a method for developing a WCC, along with 
policy suggestions to manage HSW in developing countries. There are no studies 
combined HSW generation, AAB relating to HSW, and non-market valuation methods 
for an improved waste collection service in designing a WCC and relevant policy 
suggestions. Total cost of waste management including sanitary land filling and waste 
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collection costs and also households’ WTP values in determining the charge is an 
important suggestion made by the current study. 
 
1.6. Layout of the thesis 
This thesis is comprises of five chapters in total. The Introduction describes the problem 
with the HSW sector in Sri Lanka and the study area in particular. It details the 
background of the HSW problem, Sri Lankan context, current situation of the study 
area, justification and significance of the study, objectives of the study, finally, the 
layout of the thesis.  
 
The Literature Review chapter examines other available research on the subject matter 
of this thesis and is comprised of four main sections. Section 2.1 discusses the studies 
relating to the current status of the HSW sector. This helps to examine and compare 
problems with the current system regarding generation, composition, recycling and 
disposal practices and collection services in other locations. Section 2.2 reviews 
households’ AAB relating to sustainable practices. This knowledge helps to provide a 
better service and facilitates SSWM practices in the DMMC. Section 2.3 reviews the 
literature on households’ stated preference valuation for an improved waste collection 
service. The Choice Experiment (CE) method and Contingent Valuation Method 
(CVM) were considered in this research. Finally, Section 2.4 reviews the selection of 
waste collection charge (WCC) by comparing other available economic instruments.  
 
The Methodology chapter outlines the research methods used in this study. It also 
includes the questionnaire design, sampling, data collection and data analysis along with 
the validity and reliability of the study. 
 
The Results and Discussion chapter presents the results obtained from the analysis and 
discusses the findings. The results and discussion are presented under five main 
sections, i.e., waste generation and management, AAB related to sustainable practices, 
preferences and WTP for an improved waste collection service and development of the 
charge level for the WCC. This study provides an insight into the HSW problem in the 
DMMC area and the potential solutions to resolve the problem. 
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Finally, the Conclusion chapter presents summery of results, policy suggestions, 
suggested WCC for the DMMC area with the solutions for possible issues and the steps 
for developing charge level.   
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CHAPTER 2 
Literature Review 
 
This Chapter presents the literature in four sections, namely; studying the current status 
of HSW, households’ attitudes relating to SSWM practices, households’ preference and 
demand for an improved waste collection system, and selecting a suitable economic 
instrument for the HSW sector.  
 
2.1. Household Solid Waste  
Prior to designing an SSWM system, which should be socially acceptable, 
environmentally sound and economically viable, the current status of waste generation 
and management should be studied. This section covers the quantity, composition, 
collection, disposal and SSWM practices of HSW.  
 
2.1.1. Quantity of HSW 
As the UK Waste Framework Directive 2008 states (Directive 2008/98/EC), waste can 
be “any substance or object which the holder discards or intends or is required to 
discard” (Department for Environment Food & Rural Affairs, 2012, p.26). However, 
one person’s waste can be another’s resource and, therefore, waste can be regarded as a 
resource.  In that sense, the term waste generation needs to be used to address the actual 
quantity of waste disposed of by households from their premises because they no longer 
have any use for it. This fraction of waste can be burned, buried, dumped upon public 
land or in water ways, or given to a municipal collection. As the quantity of waste going 
through LA collection has become a major problem in urban areas, especially in 
developing countries, this study uses the term “waste generation” in order to represent 
the fraction of waste that households dispose of from their premises which is thereafter 
collected by the LA. However, in many urban areas in developing countries, the daily 
quantity of HSW collected is not equal to the quantity of HSW generated and disposed 
by the households which needs to be collected by the LA due to poor waste collection 
coverage caused by financial issues (UNEP, 2001b). Therefore, the quantity of HSW 
collected cannot be taken as a reliable indicator of the actual quantity of HSW generated 
in these countries (Buenrostro, Bocco & Bernache, 2001). Further, LAs are lacking data 
regarding the actual quantity of HSW collected as they collect all the different waste 
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types (household waste, commercial waste, institutional waste, street sweepings, 
construction and demolition debris and non-hazardous sludge) in urban areas together. 
As a result, it is difficult to estimate the actual percentage of HSW collected by an LA. 
In developing countries, the HSW sector is given a lower priority as a separate sector 
(Coffey & Coad, 2010). As a result HSW quantity estimations are minimal. This causes 
a major data gap in providing a better service in the urban areas of those countries. 
There have only been few studies undertaken in developing countries regarding HSW. 
Further, Coffey and Coad (2010) highlighted the problem of unreliable and outdated 
data in many developing countries. Therefore, the estimation of the waste generated and 
disposed of by households in all LAs is important in order to provide a good service. 
 
For an HSW related study, waste quantification is important in order to estimate the 
HSW generation. This task is gigantic and both time and labour consuming. As a result, 
some studies have used the respondent’s self-reported figures regarding waste quantity 
(the number of waste containers), (Afroz, Tudin, Hanaki & Masud, 2011). However, 
this can be considered as a biased and approximate estimation of household waste 
generation. On the other hand, for an accurate waste quantification study, the quantity 
of waste needs to be measured in a reasonable size sample to obtain a generalized result 
concerning the entire area (Coffey & Coad, 2010).  
 
The period of measuring is also important in order to capture as many variations of 
waste generation as possible in the sample (Coffey & Coad, 2010, p.27). Previous 
studies have carried out waste generation estimates for varying periods, from 24 hours 
(Dangi, Pretz, Urynowicz, Gerowb & Reddy, 2011) to one month (Dennison, Dodd & 
Whelan, 1996a; Thanh, Matsui & Fujiwara, 2010). By considering the accuracy of the 
data, time and resources, a one week period was considered as the most suitable 
duration; this is because it can capture most of the variance of the waste generated in a 
household. Some previous studies, such as Arnold (1995), Bandara and Hettiaratchi, 
(2010) and, Bandara, Hettiaratchi, Wirasinghe and Pilapitiya (2007) have used this 
duration.     
 
Waste measuring frequency was also different form study to study. Thanh et al. (2010) 
measured the waste generation daily during their study period. Again, this is impractical 
considering time and resources. On the other hand, storing whole week’s waste 
(specially organic waste) without disposing also creates odour and pest problems 
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especially in small households hence less participation for the survey. To avoid this 
situation, some studies have carried out several waste measurements during a week 
(Bandara & Hettiaratchi, 2010; Bandara et al., 2007; Philippe & Culot, 2009). By 
considering these and the waste collection dates in the particular area, organic waste 
measurement can be done in the middle day of the week other than the final 
measurement of all the waste at the end of the week.  
 
The previous studies have widely presented HSW generation figures for different areas 
of different countries such as Mekong-Delta city in Vietnam (Thanh et al., 2010), 
Chittagong in Bangladesh (Sujauddin, Huda & Rafiqul, 2008), Kathmandu in Nepal 
(Dangi et al., 2011), Oyo in Nigeria (Afon & Okewole, 2007), Beijing in China (Qu et 
al., 1999), Cape Haitian city in Republic of Haiti (Philippe & Culot, 2009), Bhutan 
(Phuntsho et al., 2009), Olongapo City in Philippines (Bennagen & Altez, 2004), 
Chihuahua, Mexico (Gomez, Meneses, Ballinas & Castells, 2008). Three studies were 
undertaken in Sri Lanka for three areas such as Moratuwa (Bandara et al., 2007), 
Manmunai, Batticaloa (Sivakumar & Sugirtharan, 2010) and Southern Province 
(Vidanaarachchi, Yuen & Pilapitiya, 2006).  
 
When reporting on waste generation, measured waste generation figures are normally 
converted in to daily waste figures in the literature in order to facilitate easy 
communication. In order to compare HSW generation with previous studies, and in 
order to communicate with the policymakers, using both DPC and daily household 
(DH) waste generation figures are useful. As Afon and Okewole (2007) suggested, 
waste generation values estimated for the sample can be extrapolated to the population 
by multiplying the DPC or DH generation values by population (number of households 
or population). 
 
It is of even greater importance to model waste generation figures in order to find the 
determinants of the waste generation and in order to manipulate those for waste 
reduction using SSWM practices. The most common determinant factors illustrated in 
the previous studies are monthly income and household size (Afroz et al., 2011; 
Bandara et al., 2007; Benitez, Lozano-Olvera, Morelos & Vega, 2008; Bhattarai, 2003; 
Haider, Haider & Badami, 2013; Mani, Kumar, Sardana & Ray, 2005; Qu et al., 2009; 
Thanh et al., 2010). Furthermore, some studies found other factors such as; the level of 
education in the household (Benitez et al., 2008; Bhattarai, 2003; Qu et al., 2009), the 
21 
 
amount of land (Afroz et al., 2011; Bhattarai, 2003), certain age groups (Afroz et al., 
2011), gender ratio (Afroz et al., 2011) and occupation (Bandara et al., 2007) to be 
determinant.  Due to the variation of the magnitude and indication of those factors on 
determining waste generation from situation to situation, it is important to study the 
waste generation specific to particular areas.   
 
2.1.2. Composition of HSW 
The quantity and methods of HSW diverted from landfills mainly depends on the 
composition of waste. Further, this helps to determine the recycling possibilities to 
justify the need of recyclable waste collection services and to determine a charging 
method for mixed waste to encourage waste recycling. The moisture content, density 
and calorific value, which are needed to design the waste management system, are also 
depending on waste composition. Waste composition depends on factors, such as 
geographical location, weather, stage of development of the country, cooking and eating 
habits and socio-economic (SE) factors such as housing, the age and number of family 
members, income, purchasing power, level of education, social class, ethnicity and the 
energy sources of a household (Environmental Protection Agency Ireland, 2005; 
Hoornweg & Bhada-Tata, 2012; Medcities, 2003; UN Habitat, 2001). The stage of 
development of a country is very important in determining life style and consumption 
and, hence the waste composition. Waste generated in developing countries contains a 
higher organic content than in industrialized countries (United Nations Environment 
Program [UNEP], 2005b). According to UN Habitat, approximately 70 % of the waste 
generated by developing countries is organic (UN Habitat, 2001). Coffey and Coad 
(2010) stated that approximately two thirds (or more in some cases) of the HSW in 
developing countries is from organic waste. The organic faction of waste also increases 
the density and moisture content of the waste load. As a result, when the organic waste 
content is higher the handling cost also increases. For these reasons, more attention 
should be given to the recovering and disposal methods of organic waste. On the other 
hand, the quantity of paper and packaging materials (plastic) in waste is lower in 
developing countries than in developed countries (Medcities, 2003; UN Habitat, 2001).  
 
Many previous studies estimated the composition of HSW in developing and developed 
countries. Some studies have categorized the components’ range from five (Bandara et 
al., 2007) to 83 items (Thanh et al., 2010). Many of them have used main categories of; 
organic, paper, plastic, glass, metal and “other” to measure waste composition. 
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Including the category of “other” is also important in estimating the waste quantity that 
goes to landfills when composting and recycling is practiced properly in a particular 
area. However, in the two studies undertaken in Sri Lanka by Bandara et al. (2007) and 
Sivakumar and Sugirtharan (2010), this category was added to the organic waste 
category. This creates an incorrect interpretation of the quantities of waste.  Therefore, it 
is important to consider all these six categories (organic, paper, plastic, glass, metal and 
other) for a waste composition study especially in a developing country. 
 
Measuring the weight of these different categories in a large sample of households is 
time and labour consuming. As a solution, previous studies undertaken in Sri Lanka and 
other countries obtained the support of households for waste separation (Bandara et al., 
2007; Dangi et al., 2011; Sivakumar & Sugirtharan, 2010; Thanh et al., 2011). 
Measuring a lower number of categories is also essential when asking households in the 
sample to separate waste during the study period.   
 
2.1.3. Management of HSW 
Other than the knowledge on waste generation by households, it is also very important 
to study the current solid waste management system to understand the possible 
weaknesses. HSW management also comes under solid waste management, which has 
been defined as “the supervised handling of waste material from generation at the 
source through the recovery processes to disposal” (Organization for Economic Co-
operation and Development [OECD], 2001). Managing HSW is becoming a major 
public health and environmental concern in the cities of developing countries. The 
magnitude of the problem, attention to the possible problems and solutions given are 
different from country to country and situation to situation due to many reasons. 
Therefore, the specific features of the situation considered have to be studied before 
suggesting the solutions. The main stages of waste management are; storage, collection, 
storage, transportation, processing/ treatments, and final disposal (Ali, Cotton & 
Westlake, 1999; Othman, 2002; Rouse & Ali, 2008). The most common steps are 
collection and disposal. These steps are discussed in the following sections.  
 
Collection systems  
After materials are declared as waste by a household, it is disposed from the household. 
In most of the developing countries, the generated HSW is mostly disposed as mixed 
waste by households (Hoornweg & Bhada-Tata, 2012). There are alternative ways of 
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disposing of waste, for example; composting, animal feeding, uncontrolled burning, 
burying, fly-tipping or recycling. The method, fly-tipping and uncontrolled burning is 
unacceptable, although they are common practices in Sri Lanka. Since most of the HSW 
generated in urban areas goes to waste collection service offered by the LAs, 
understanding the waste collection service is important.  
 
Different LAs use different waste collection methods, frequencies and collection 
coverage depending on the volume of waste to be collected, number of labours, number 
of vehicles and available financial and technical resources (Harvey, Baghri & Reed, 
2002; Hoornweg & Bhada-Tata, 2012). There are four basic collection systems; door-
to-door, kerb side, block, and communal (UNEP, 2005b). In most developing countries 
all methods of waste collection are practiced as a combination (Hoornweg & Bhada-
Tata, 2012).  Usually, a waste collection vehicle is sent along the planned road network 
for waste collection. The waste collectors thereafter collect the waste from the kerbside 
in front of the households. Therefore, “kerbside” collection is the most frequent method 
used. Under a “block collection” method, the households, which are far from the road, 
are required to bring their waste to the roadside upon the signal of the collection 
vehicle’s horn. However, some more affluent households pay a mutually agreed 
monthly fee to waste collectors in order to get their waste collected at the door; this is a 
“door-to-door collection”. Furthermore, in some apartment blocks and at some busy 
junctions, “communal bins” are in place to collect the waste. Some people who are not 
available at the time of a waste collection and who do not like their kerbside getting 
littered with scattered waste, use the communal collection bins. According to Coffey 
and Coad (2010), combining these methods is economical and efficient for developing 
countries. 
 
Even though this system seems to be running smoothly, the current waste collection is 
not efficient in many urban LAs. According to the Hoornweg and Bhada-Tata (2012), 
waste collection coverage is below 50% for low income countries and between 50-80% 
in middle income countries, such as Sri Lanka. Households are suffering from an 
irregularity in collection days and times and a lower frequency in waste collections. 
This results in households leaving their waste bags at the kerb or dumping them at the 
roadside. These unattended waste bags are damaged by dogs and other animals and 
debris becomes scattered on roadsides. Therefore, an additional cost is added for street 
cleaning in order to avoid pollution. However, on many occasions street cleaning is not 
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carried out.  Furthermore, the inefficiency of waste collection services causes public 
dissatisfaction and unacceptable waste tipping practices are carried out by households as 
a result.   
 
It is important to allocate a sufficient number of collection vehicles and labourers, 
implement an efficient management plan with frequent collections and set out collection 
routes in order to improve waste collection services. However, as mentioned before, 
LAs in developing countries are highlighting the fact that they are running on an 
insufficient budget that is unable to cover all the urban services required, including 
waste management. Other than this, the lack of a proper management plan and a lack of 
support from households are also common in many urban LA’s, especially in 
developing countries. These problems need to be addressed when designing an 
improved waste management system. Due to the inefficiencies and variations 
(frequency, method, regularity) in the current waste collection system in many urban 
areas, it is useful to obtain the perspective of households regarding the service they 
receive in order to understand the hidden issues and to improve the overall quality of the 
service. Bhattarai (2003) considered the method of waste collection and frequency of 
collection in his study. Martin, Williams and Clark (2006) found that the reliability of 
the collection service and the door-to-door method had a positive effect on waste 
recycling practices. Ayolon et al. (2013) and, Dahlén, Vukicevic, Meijer and Lagerkvist 
(2007) also reported the effect of door-to-door method on waste recycling practices. 
However, all the features such as the effect of frequency, method and regular collection 
days on waste separation practices and disposal practices were not considered together 
by the previous studies.   
 
Disposal Systems 
Waste disposal is the final and unavoidable step in waste management. In most of the 
urban areas, majority of the waste goes through the municipal waste collection service. 
This waste has to be transported to disposal sites. At disposal sites, waste can be further 
sorted to remove recyclable waste. There are two main methods of waste disposal, 
namely, land application (landfilling) and incineration (Hoornweg & Bhada-Tata, 
2012). The available options in landfilling are open dumping, controlled landfilling and 
sanitary landfilling. Incineration can also be categorized into uncontrolled (open) 
burning and controlled burning. Out of these methods, open dumping and uncontrolled 
burning cause many environmental and social problems in urban areas.  
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In low income countries the prevalent method of waste disposal in most of the LAs is 
uncontrolled landfilling (open dumping) (Hoornweg & Bhada-Tata, 2012). This method 
involves waste being dumped at a designated site without any environmental control 
measures being in place. Greenhouse gas (methane) emission is a major environmental 
problem associated with this method. The liquid, ‘leachate’, which contains bacteria, 
rotting matter and possibly chemical contaminants, is also developed from landfilled 
organic waste. It pollutes land and both ground and surface waters. Social problems 
such as odours, health risks and nuisance caused by birds and flies are also caused by 
uncontrolled landfilling (Ali, Cotton & Westlake, 2005; Denne, 2005; Waste Online, 
2006). The polluted ground and surface water in the area causes various illnesses to 
both humans and other living organisms. The increase in the spread of diseases such as 
Filaria and Dengue is also mainly due to this haphazard waste disposal method. These 
open dumping sites also have a negative effect on property values (Organization for 
Economic Co-operation and Development [OECD], 2004). As a result this method 
causes a higher cost to the environment and society albeit a lower operational cost to the 
LAs. 
 
Conversely, sanitary landfilling has a lower cost to the environment and society 
(Medina, 2002) but a higher construction and operational cost to LAs. Sanitary 
landfilling has to fulfil three conditions, namely; compaction of the waste, daily 
covering of the waste (with soil or other material), methods to trap the surface runoff 
and leachate, and cover by a vegetative layer when the landfilling is closed in order to 
protect the cover from erosion (Coffey & Coad, 2010; Jaramillo, 2003; Medina, 2002; 
UNEP, 2005b). However, the required higher mechanization, investment and 
maintenance in this method are problematic in developing countries suffering from 
financial constraints (Ali et al, 2005; UNEP, 2005b). Furthermore, finding suitable 
landfill sites in close proximity to urban areas is becoming increasingly difficult due to 
the scarcity of land, higher land values and public and political opposition. Many people 
protest against establishing permanent landfill sites near their residence because of 
concerns regarding the smell, litter, pollution, pests and the reduction in the value of 
their homes. These issues relating to the siting of conveniently located sanitary landfills 
cause LAs to dump the collected waste in open dumps on public land, as this is the 
cheapest option. Further, these landfills are not sufficient to dispose of the huge volume 
of waste generated in most of the highly urbanized areas.  
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As a result, uncontrolled landfilling is the method chosen by many LAs. However, these 
open dumps could be turned into the more environmentally friendly option of 
“controlled landfills” at minimum cost. According to Coffey and Coad (2010), levelling 
the waste humps and frequently covering the waste with soil is required for controlled 
landfilling. Because of the lower cost of controlled compared to sanitary landfilling and 
the lower pollution issues compared to open dumping, this method is becoming more 
popular in developing countries. The Central Environmental Authority in Sri Lanka has 
recently advised LAs to use the method of controlled dumping in order to minimize the 
harmful impacts of open dumping (Pilisaru, 2011). By using “controlled dumping”, a 
thin layer of soil is added on an ad-hoc basis. However, this is not adequate to properly 
cover the thick layer of waste and minimize the harmful environmental and social 
impact to a sufficient level. Therefore, the laws prohibiting this method of dumping are 
to be strengthened. 
 
Uncontrolled burning (open burning) is another waste disposal method that is practiced 
both by households and LAs due to it being cheap and easy. When there is not enough 
space in dumping sites to put more waste, municipalities in many countries use the 
method of open burning. This method impacts harmfully upon both the environment 
and society. The resultant toxic fumes, such as dioxins and furans, particularly from the 
burning of plastic waste, can cause harmful health problems for society (Coffey & 
Coad, 2010). This method is also a fire hazard in residential areas.  Therefore, the 
uncontrolled burning of waste is a prohibited activity in many countries (Hoornweg & 
Bhada-Tata, 2012). Strict policies and enforcements are needed, along with public 
awareness programmes in order to prevent this practice. As opposed to uncontrolled 
burning, the method of controlled burning/incineration is advantageous. This method 
helps to generate energy and electricity in controlled conditions (Waste Online, 2006). 
However, the higher technological, implementation and maintenance costs make it un-
economical for developing countries.  
 
Even though it is not practiced commonly in developing countries, secured landfilling is 
important in order to dispose of hazardous waste and minimize the risk of any harmful 
impact to society and the environment. According to a United Nations Environment 
Program report (2009, p.9), hazardous waste was defined as “a waste that poses 
substantial or potential threats to public health or the environment generally exhibiting 
one or more of these characteristics: ignitable, oxidizing, corrosive, eco-toxic, 
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radioactive, etc.”. Generally, some waste from hospitals, industries and households are 
hazardous. Household hazardous solid waste materials are listed as; paint, cleaning 
agents and other chemicals (pesticides, poisons etc.), batteries, medicines, syringes, 
fluorescent bulbs and electronic equipment (Coffey & Coad, 2010; United Nations 
Environment Program, 2009). The Basel Convention (United Nations Environment 
Program, 2009) prohibits the disposal of hazardous waste alongside normal waste. The 
separated hazardous waste has to be treated to reduce the toxicity. However, in many 
developing countries, most hazardous waste is still disposed of alongside municipal 
solid waste (Ayalon, Brody & Shechter, 2013; Coffey & Coad, 2010; Hoornweg & 
Bhada-Tata, 2012; United Nations Environment Program, 2001a). Some studies have 
highlighted the fact that less attention is given to hazardous waste generated at 
household level by waste management bodies in some developing countries (Dangi et 
al., 2008). UNEP (2005b) identified that this lack of attention coincides with the 
difficulties of waste management in those countries. However, most developed 
countries have given special attention to the separation of this type of waste from 
mainstream waste. Proper and deposit refund systems are practiced in Korea (Hong, 
1999). Therefore, policy enforcements, suitable facilities and public awareness are 
needed in order to encourage the separation of household hazardous waste from 
mainstream waste.  
 
Having discussed the waste disposal methods practiced by the LAs, the mal practices 
have to be corrected by the policies and laws. However, household waste disposal 
practices determine the quantity of waste goes to municipal collection and thereafter the 
disposal. Therefore, it is useful to study household waste disposal practices as well. The 
most common disposal practices are handing to municipal collection, burning, 
composting, burying, giving to recyclable waste collectors and drop in recyclable waste 
collection centres. Out of these methods, use of composting, recycling centres or 
informal private sector mobile recyclable waste collectors are useful to consider as 
those methods determine the quantity of waste which can be diverted from landfills. In 
most of the developing countries, the municipal waste collection is a mixed waste 
collection. Therefore, offering a recyclable waste collection service is also a must to 
reduce the waste quantity goes to landfills. Some of the previous studies focused on the 
household waste disposal methods (Afroz et al., 2011; Al-Khatib, Monou, Abu Zahra, 
Shaheen & Kassinos, 2010; Bhattarai, 2003; Tadesse, Ruijs & Hagos, 2008; 
Vidanaarachchi et al., 2006).  
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2.1.4. Sustainable Solid Waste Management  
As described in the above sections, the solution for the HSW management problem in 
developing countries lies in financing LAs sufficiently in order that they are able to 
provide a better service, especially with regard to the volume of waste to be collected 
and disposed of to a manageable level. Increasing LA’s financial resources is difficult 
for a developing country. As a result there is an emerging need to find ways to reduce 
waste that goes to landfills. Again, the landfilling of waste is not sustainable long term 
due to the scarcity of land and from the point of view of available resources (Shekdar, 
2009). As waste contains potential resources, managing it wisely is a good option for 
both developing and developed countries; to do so may save existing natural resources 
and money whilst providing good living conditions to the nation. This idea has given 
rise to a new approach of solid waste management known as SSWM. This approach 
aims to prevent waste through the “full life cycle of the product” by imitating the 
natural cycles (Ngoc & Schnitzer, 2009).  
 
The SSWM is a sub section of the “Sustainable City” concept which comes under the 
main concept of “Sustainable Development”. Therefore, the concepts of “sustainable 
development” and “sustainable city” are to be discussed prior to SSWM. In the 
Brundtland Report, “sustainable development” was defined as “Development that meets 
the needs of current generations without compromising the ability of future generations 
to meet their own needs” (Brundtland, 1987, p.46). The development has to be 
economically viable, environmentally effective and socially acceptable (Nilsson-Djerf, 
2000). Including “Urban Cities” in this concept is important as cities hold large 
populations and lots of problems can occur because of their activities. Haughton and 
Hunter (2003, p.26) defined a sustainable city as “one in which its people and 
businesses continuously endeavour to improve their natural, built and cultural 
environments at neighbourhood and regional levels, whilst working in two ways which 
always support the goal of global sustainable development”. Among all the activities 
and problems in a city, this study addressed only the HSW related activities and 
problems. With regard to HSW, the waste management systems should be sustainable. 
Sustainability in waste management can be achieved by following the “Waste 
Hierarchy” (Price & Joseph, 2000).  The steps of the waste hierarchy are: reduce, reuse, 
recycle, recover and disposal (Price & Joseph, 2000; Hoornweg & Bhada-Tata, 2012). 
As final disposal is unavoidable, it is important to minimize, as much as possible, the 
quantity of waste to be disposed of throughout the other steps.  A waste hierarchy based 
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on the “4R’s” (Reduce, Reuse, Recycle and Recover) can be represented as a reverse 
pyramid (Figure: 2.1), (Eduljee & Arthur, 2001). The knowledge of the waste hierarchy 
helps to achieve sustainable resource utilization and sustainable waste management. 
However, SSWM practices are rarely used in developing countries (Shekdar, 2009). 
This is due to a lack of awareness, facilities, incentives and strong enforcement. These 
“4R” steps are discussed in the following sections in order that we can understand the 
best way of achieving them.  
 
Figure: 2.1: Waste Hierarchy (Eduljee & Arthur, 2001, p.380) 
 
Reduce 
This is the first and most important part of the waste hierarchy. Waste reduction is 
defined as “the design, manufacture, and use of products in a way that reduces the 
quantity and toxicity of waste produced when the products reach the end of their useful 
lives” (United States Environmental Protection Agency, 2006, p.II-3). When a sufficient 
proportion of waste is reduced (100% waste prevention is impossible), the quantity of 
waste to be landfilled will be reduced and, hence, the cost of waste management will 
also be reduced.  Waste reduction can be done at household level by reducing the 
number of packaged items that are purchased, especially with regard to unwanted items 
and unwanted amounts. Governments can encourage waste reduction by introducing 
product charges to  producers (for non-returnable packaged items) and deposit refund 
systems for buyers (for returnable packaged items) in order to reduce the quantity of 
packaged waste (Hoornweg & Bhada-Tata, 2012). Since a large quantity of waste in 
developing countries is organic waste, composting is useful for waste reduction. Other 
aim of reducing is minimising the toxicity of the waste that is generated. This can be 
achieved by the separation of waste at source with special focus upon hazardous waste 
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and its disposal through special treatment facilities (United States Environmental 
Protection Agency, 2006).  
 
The waste reduction practices at household level are not properly established in most of 
the developing countries, where waste reduction is a better solution due to the financial 
constraints of waste management (Hoornweg & Bhada-Tata, 2012). The product charge 
on carrier bags, which was planned to minimize their purchase and the volume of 
packaging waste in Sri Lanka, was banned by a court order (Lankabusinessonline, 
2008). Afroz et al. (2011) identified that the public support in waste minimization in 
Dhaka city, Bangladesh was very low. Dangi et al. (2011) also identified the need of 
waste minimization by considering the generation rate and the composition of waste in 
Nepal. Marquez, Ojeda and Hidalgo (2008) found low perception regarding the waste 
minimization practice among the households in city of Mexicali, México. Therefore, 
environmental awareness programmes, economic instruments and incentives are needed 
to encourage pro-environmental behaviour, such as waste reduction, among households.  
 
Reuse 
This is the second step which reverses more waste from landfills. Reuse means using 
materials which are destined to end up as waste in their original form without them 
undergoing any processing (Jaramillo, 2003; van Beukering, 1994). Reusing is 
generally done at household level for packaging materials such as carrier bags, glass 
bottles, metal, textile and plastic containers, etc. When the generator of a particular 
waste material no longer has any value for it, it is declared as waste and ends up in a 
bin. However, another person may have value for it. Therefore, waste pickers and 
scavengers collect some materials in order to reuse them or sell them on at a lower 
price. Governments can induce producers to design durable packaging which can then 
be reused. Glass bottles are the most common items with second hand value. Some 
containers can also be reused in factories (Shekdar, 2009). In some countries, clothes, 
furniture and electric appliances are also reused (Coffey &Coad, 2010). In most 
industrialized countries, there is an increasing trend for sorting out reusable and 
recyclable components of the solid waste stream (Hoornweg & Bhada-Tata, 2012; 
UNEP, 2005b). As this step does not involve further processing, it is energy efficient 
and therefore suitable for developing countries.  
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The reusing of glass bottles, newspapers, cardboard boxes, plastic containers and carrier 
bags is operating at household level. Governments in developing countries need to 
intervene in order to encourage households and industries to reuse containers (Ngoc & 
Schnitzer, 2009). In order to encourage households to return certain types of containers 
to be reused in industry, a deposit refund system has been used efficiently in many 
countries, namely; Barbados, Brazil, Bolivia, Chile, Colombia, Ecuador, Jamaica, 
Korea, Mexico and Venezuela (Lee, Song & Yoo, 2007; UNEP, 2005a). Such a system 
has also been operated in Sri Lanka for glass beverage bottles (OECD, 1993 cited in 
Stavins, 2001). This method has been successful in the past few decades. However, the 
recent introduction of disposable plastic bottles for soft drinks has resulted in less 
demand for glass bottles. Governments can manipulate these practices by taxing the 
production of disposable containers. Increasing the deposit for potentially reusable 
items is suitable at household level in order to encourage reusing. A tax for using virgin 
materials and incentives for the industries that are reusing will induce industries to form 
a chain for collecting those items after consumption (Europen, 2000 cited by Inter-
American Development Bank [IADB], 2003a). For this reason, government policies are 
important in order to address these issues and to encourage the reuse of materials that 
were otherwise meant to end up in landfills. Encouraging pro-environmental behaviour 
among households also plays a major role in the reusing of waste.  
 
Recycle 
Recycling can be described as collecting the materials from waste and reprocessing 
them to produce new products by changing both the original function and the original 
form (Jaramillo, 2003; Medina, 2002; United States Environmental Protection Agency, 
2006). This is considered as an economic activity for LAs, households, and scavengers 
(Shekdar, 2009). Theoretically, approximately 80% of HSW can be recycled (including 
composting), (Audit Scotland, 2007). However, the recyclability depends upon 
available technology, the quantity and quality of the materials, and economic factors 
(Hoornweg & Bhada-Tata, 2012; Hopewell, Dvorak & Kosior, 2009; Shekdar, 2009). 
These materials are separated from the waste at source (household level) or at dumping 
yards. Separating at household level reduces the contamination of these materials with 
other waste and, hence the cleaning cost prior to undergoing the production process. 
These separated wastes are collected and disposed through recyclable waste collection 
facilities or municipal collection. The collected recyclable waste amount is not 
satisfactory in many low income countries (Uiterkamp, Azadi & Ho, 2011). However, 
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in many such countries, informal sector private buyer networks are operated to buy 
recyclable waste from households (Wilson, Araba, Chinwah & Cheeseman, 2009).   
 
To separate the rest of the recyclable waste from mixed waste, LAs use manual 
labourers and mechanical screening at dumping yards and transfer sites. However, the 
incurred cost of collection, separation, transportation, and reprocessing can make 
recycling uneconomical (Hoornweg & Bhada-Tata, 2012). Encouraging household level 
waste separation is therefore more efficient as it reduces the sorting cost at dumping 
sites and afterward cleaning cost. Other than that, recyclable waste can also be collected 
by unregulated manual scavengers at the kerbside and at open dumping sites.  
 
In many developing countries, the lower involvement of households in waste separation 
causes a higher quantity of recyclable waste to be found amongst the collected mixed 
waste (Asian Institute of Technology, 2004). To encourage waste separation, Taiwan 
(Young, Ni & Fan, 2010) and New York (Reschovsky & Stone, 1994) have introduced 
mandatory waste separation policies for the household sector and experienced 
successful outcomes. However, this will cause problems such as public opposition and a 
higher cost of monitoring in developing countries (Afroz & Masud, 2011; Othman, 
2002). By undertaking an attitude survey in Malaysia, Omran, Mahmood, Aziz and 
Robinson (2009) found that the most popular two reasons for recycling were; “saving 
the cost” and “conserving resources for future generations and saving space in 
landfills”. Therefore, it is better to offer incentives, separate facilities to collect 
recyclable waste and awareness programmes in order to encourage voluntary waste 
separation. De Feo and De Gisi (2010) and, Sidique, Lupi and Satish et al. (2010) 
focussed on the factors affecting the use of recyclable facilities. 
 
Governments can introduce policy instruments to encourage recycling. As mentioned 
above, a tax on virgin materials and recycling subsidies could also be used to promote 
recycling schemes without any intervention (Denne, 2005). Again, there are incentive 
schemes to encourage industries to use some amounts of recyclable waste materials 
instead of virgin materials. For this purpose, Sri Lanka is developing a policy to induce 
industries to buy their plastic containers back from consumers who return them and 
thereafter use them in the production process. Unit based waste collection charges and 
waste disposal charges have also been successful in reducing waste quantity and 
increasing recycling (IADB, 2003a). In some developed countries such as; Australia, 
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Hong Kong, Japan, Korea, and New Zealand a higher degree of waste separation occurs 
at source and recycling is being achieved through unit based collection charges 
regarding mixed waste (UNEP, 2005a).  
 
Recovery 
Waste recovery is the extraction of materials (organic waste) or energy from waste for 
further use (Denne, 2005; Hoornweg & Bhada-Tata, 2012). Recovery is done without 
undergoing a so called production process as in recycling. Material recovery is done by 
composting while energy recovery is done by incineration and anaerobic digestion 
(Hoornweg & Bhada-Tata, 2012).  
 
Energy recovery: The energy content of waste can be recovered either biologically or 
thermally (UNEP, 2005b). Before considering the option of energy recovery, the 
calorific value, composition and moisture content of the waste needs to be examined. 
Biological energy can be recovered by methane production through anaerobic digestion 
(bio-gasification) (Coffey & Coad, 2010; UNEP, 2005b). For this process a higher 
organic fraction is important. Therefore, this method could be suitable for developing 
countries with a higher fraction of organic waste in the HSW. However, this method is 
uneconomical for developing countries due to higher moisture content and, higher 
capital, technical and operational cost (Hoornweg & Bhada-Tata, 2012; UNEP, 2005b). 
Thermal energy can be recovered by combustion of the waste and is successfully 
practiced in most developed countries. However, in developing countries this method is 
uneconomical due to the higher organic content and moisture content of the waste 
(UNEP, 2005b). In general, due to the waste composition, higher moisture content, cost 
and the technical issues involved, energy recovery has not yet been successful in 
developing countries (Coffey & Coad, 2010). Incineration helps to save on landfilling 
space whilst generating energy. In recent years, a preliminary electricity generation 
plant was planned by a Malaysian company, Golden Sun Rise (Pvt) Ltd., at the 
Karadiyana site in Sri Lanka. However, due to the low calorific value of the HSW, it 
unfortunately failed (Pilisaru, 2011). Further, lack of researches in developing countries 
also causes selecting inappropriate recovery methods (Ogawa, 1996). Even though the 
energy recovery option seems unsuccessful for developing countries, composting can be 
developed as a small or medium scale industry. 
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Composting: This method involves reversing a large quantity of organic waste from 
ending up in landfills. Due to the higher organic waste content in HSW, composting, 
which converts waste in to resources, is a very important method for developing 
countries (Coffey & Coad, 2010). Composting is defined as “the biological 
decomposition of biodegradable solid waste under controlled predominantly aerobic 
conditions to a state that is sufficiently stable for nuisance-free storage and handling and 
is satisfactorily matured for safe use in agriculture” (Medina, 2002; Rees, 2005; UNEP, 
2005b). In broader terms, composting can also be considered as a recycling practice. 
There are several uses for compost, such as in landscaping and nurseries etc. Compost 
can be used in agriculture as a soil amendment than a fertilizer; this is due to the lower 
nitrogen, phosphorus and potassium content present in organic waste in comparison to 
the permitted levels that are found in fertilizer (UNEP, 2005b). By adding these 
nutrients, compost can be converted into a fertilizer even at household level. In many 
developing countries, composting is traditionally carried out at household level. The 
lack of proper assistance, knowledge, space to keep a compost bin, time and effort 
needed, as well as odour problems can be barriers at household level. As the separation 
of organic waste by households is lower in urban areas, most organic waste ends up in 
landfills. As a result, some LAs try to reverse the dumping of organic waste at dumping 
sites by composting. These composting systems can fail for various economic and 
technical reasons, such as an inability to secure the waste input and the demand, higher 
production costs, and mechanical and technical failure of the systems (United Nations 
Environment Program, 1996).  
 
To overcome these issues, the “Pilisaru” project in Sri Lanka has assisted LAs 
technically and financially to install composting plants on dumping sites. However, 
compared to a household level, the organic waste recovered at dumping sites will have 
more heavy metal content due to the presence of mixed hazardous waste. It was 
therefore advised that the separation of organic waste should be undertaken at source in 
order to prevent heavy metal contamination and ensure safe food growth (Coffey & 
Coad, 2010; Smith, 2009). Separate organic waste collections for households will be 
important in order to divert the large quantity of organic waste safely to the composting 
plants. By considering the shortcomings of composting at household level, it is 
meaningful to offer household organic waste collection services for urban areas.    
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Finally, as waste separation at the household level determines the use of above 
discussed SSWM practices, it is useful to study the waste separation practices at the 
household level. Previous studies were focussed on the extent of waste separation at 
household level and factors affecting waste separation (Afroz et al., 2011; Martin et al., 
2006; Tadesse et al., 2008). Again, some studies further examined the factors affecting 
food waste separation and recyclable waste separation practices (Afroz et al., 2011; 
Ayolon et al., 2013; Dahlen et al., 2007; Lee & Paik, 2011; Martin et al., 2006; Sterner 
& Bertelings, 1999). Ayolon et al. (2013) and Dahlen et al. (2007) studied the effect of 
door-to-door collection method on household recycling effort.  Matsumoto (2011) 
examined the effect of waste collection frequency on waste recycling practices. 
However, examining the effect of the regularity of the waste collection days was not 
considered in the previous studies. Therefore, it is vital to study the effect of the 
frequency of waste collection, method of collection and especially the regularity of the 
waste collection days. 
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2.2. Awareness, attitudes and behavioural intention relating to 
sustainable practices 
2.2.1. Current situation 
Most environmental problems are man-made and have a harmful impact upon society 
(Fuge, 2005). Waste is one example of a man-made problem that causes environmental, 
social and economic problems, particularly in urban areas. Many developing countries, 
including Sri Lanka, are suffering from waste problems, particularly in urban areas. 
Generally, households, commercial premises, industries, institutions and pedestrians are 
responsible for the generated waste in urban areas. All the stages of waste cycle, such as 
generation, disposal by households, collection, storage and final disposal (Benítez & 
Beraud-Lozano, 2003) contribute to these problems. An increase in the production of 
waste; haphazard dumping on roadsides and public lands, both by individuals and LAs; 
uncontrolled burning; lack of sanitary landfilling sites and public opposition to siting 
landfills; are critical issues regarding waste management in the urban areas. With the 
exception of the inability of LAs to manage waste without causing a harmful impact 
upon the environment and society, the general public contribute to waste related 
pollution on a major scale. As a consequence of them being man–made, as a society, 
people can stop or at least attempt to minimize the magnitude of their impacts. It is 
important to obtain public support for waste management, especially in developing 
countries who suffer from a lack of resources and financial difficulties, (Shekdar, 2009). 
 
However, encouraging active engagement of households regarding waste reduction and 
recycling at household level is not properly established in developing countries 
including Sri Lanka. Due to a lack of environmental enthusiasm, commitment and 
responsibility amongst the general public is a problem in developing countries and 
waste management is therefore a major challenge. Other than the lack of participation in 
environmentally friendly activities, NIMBY (Not In My Back Yard) syndrome is also 
evident (Henry et al., 2006). As a solution, Fourie (2006) suggested the need to 
strengthen policies whilst offering viable alternatives. Increasing the awareness of the 
general public regarding environmental problems and their causes has also shown a 
significant and positive impact on minimizing such problems in Illinois (Ebreo, Hershey 
& Vining, 1999). Environmental friendliness forms as a result of the awareness on 
environmental issues (Carter, Kale & Grimm, 2000). According to Afroz et al. (2011) 
the maturity of the general public was also essential in order to form environmental 
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attitudes. Barr, Gilg and Ford. (2001a) explained this as the “Citizenship” beliefs of the 
public. Obtaining public support is not a simple or easy thing to do. Therefore, 
understanding of the factors affect the environmental friendliness, social responsibility 
or citizenship of the population is a priority.  
 
2.2.2. Household level behaviours related to sustainable practices 
Waste management has to be sustainable for the sake of the environment, society and 
the economy (Troschintez, 2005). Therefore, the term “environmental friendly waste 
management” was replaced by the term “Sustainable solid waste management” 
(SSWM). As mentioned in Section 2.1.4, this concept consists a waste hierarchy with 
following steps: waste reduction; reuse; recycle; recover (compost and energy); and safe 
disposal. As mentioned before, reducing the waste amount to be disposed as mixed 
waste is a priority in waste management especially in developing countries. Therefore, it 
is useful to examine household level activities regarding these steps.  
 
As discussed in Section 2.1.4, the steps of SSWM can be followed at household level. 
Reducing can be done by buying items with less packaging, reducing the purchase of 
unwanted goods and reducing the purchase of unmanageable quantities. Reusing can be 
undertaken in order to limit the quantity of packaging going in to waste bins. The 
reusing of packaging materials can commonly be seen in some households in 
developing countries (UNEP, 2005b). However, the low cost of buying such items 
results in less reusing being done at household level. Recycling can be practised at 
household level by separating recyclable waste at source and giving it to recycling 
facilities or collectors. The step of recovering can be done by composting and energy 
recovering (Denne, 2005). As discussed in Section 2.1.4, composting is the most 
common and one of the easiest ways of waste recovering especially for developing 
countries. With the improved compost bins, it has been easy to practice at household 
level, even with less space being available. Energy recovering can be done at household 
level as well. In many developing countries, including Sri Lanka, households use 
Coconut husks, shells and wooden items as sources of energy. The final step of waste 
disposal is mainly undertaken by LAs. However, the role of households in waste 
disposal is not negligible. Some households bury their waste in their backyards whilst 
others burn their waste. The uncontrolled burning of plastic and polythene waste emits 
toxic fumes as mentioned in Section 2.1.3. Therefore, the general public needs to be 
informed of the harmful effects of burning waste. The main method of household waste 
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disposal is by municipal collection in many countries (Japan International Cooperation 
Agency, 2005). However, some people dump their waste bags on roadsides and public 
lands environment but can also be a hazard to society. Therefore environmental friendly 
attitudes of general public are very important for a better society. For that purpose, 
public awareness on the harmful impact of waste disposal practices is invaluable (Feo & 
Gisi, 2010).  
 
2.2.3. Behavioural intention in participating sustainable practices 
According to Fishbein and Ajzen’s (1975) “Theory of reasoned action”, intention is a 
factor which motivates performing a particular behaviour. There are different 
definitions regarding how this behavioural intention is developed. In the beginning, 
According to Ajzen’s theory of planned behaviour (1991), ones’ intention of doing 
something depends on the attitudes, subjective norms and perceived behavioural control 
(Figure 2.2). Barr and Glig (2005) also developed a model for behavioural intentions 
(Figure 2.3). They included a general term of “psychological variables” to include 
attitudes, norms and other deep concepts. These variables can affect the environmental 
consciousness of people which thereafter makes the particular behavioural intention. 
Sánchez and Lafuente’s (2010) model of “Dimensions of environmental consciousness” 
(Figure 2.4) used the term “Pro environmental behaviour” for the term “behavioural 
intention”. According to this model, the "intention of doing" an environmental 
behaviour (consciousness) is a collective result of beliefs, values and norms, attitudes, 
and awareness/knowledge. Therefore, these variables can be used to understand the 
behavioural intention of households engaging in SSWM practices. In fact, the 
psychological concepts are more complex hence cannot be defined simply or separate 
from one another. Therefore, these terminologies were used at different levels by 
different researchers in order to explain behaviour. The collective effect of attitudes; 
values, beliefs and norms; awareness; socio economic variables (SE); situational 
variables (available facilities); and enforcements on behavioural intention (to perform 
behaviours) that relates to SSWM practices are discussed in the following sections.  
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Figure 2.2: Theory of planned behaviour (Ajzen, 1991, p.182) 
 
 
Figure 2.3: Conceptualization of environmental behaviour (Barr & Glig, 2005, p.231) 
 
 
Figure 2.4: Dimensions of environmental consciousness (Sánchez & Lafuente, 2010, 
p.738)  
 
Impacts of attitudes 
According to most definitions, attitudes seem to play a major role in defining 
behavioural intention, it is very important to understand these attitudes. As Allport 
(1935, cited by Haddock & Maio, 2004, p.329) stated, attitude is "a mental and neural 
state of readiness, organized through experience, exerting a directive or dynamic 
influence upon an individual's response to all objects and situations with which it is 
related". Attitude affects and is affected by norms and behavioural controls (Ajzen, 
1991), (See figure 2.2). Sánchez and Lafuente (2010) also added knowledge 
(awareness) as a factor that affects attitudes (See figure 2.4). However, only behaviour 
with a higher “behaviour-attitude relationship” can be explained by the attitudes of a 
person (Fishbein & Ajzen, 1975). Further, Schultz and Oskamp (1996) found that 
40 
 
behaviour that requires more effort is highly correlated with attitudes. Therefore, the 
behavioural intention of undertaking the above mentioned activities that require more 
effort can be closely linked to particular environmental attitudes and, hence can be 
explained by those attitudes (Schultz & Oskamp, 1996). Attitudes toward sustainable 
SSWM (reduce, reuse, recycle and recover) have been studied by many researchers 
including, Barr (2007), Barr et al. (2001a), Ekere, Mugisha and Drake (2009) and, 
Refsgaard and Magnussen (2009). According to Afroz et al. (2011), the factors that 
affect households’ intentions to undertake different waste related environmentally 
friendly activities are almost similar. Therefore, by encouraging the environmental 
friendly attitudes help to make people engage in SSWM practices. Lee and Paik (2011) 
proved this idea by having a significant correlation between waste separation and 
recycling behaviours and the related attitudes of Korea. Other than the environmental 
friendly attitudes, negative attitudes are also important to consider. In that sense, 
Tadesse (2009) discuss the effect of NIMBY (Not In My Back Yard) for pro-
environmental behaviours.  
 
Impact of Values, Beliefs and Norms  
According to Ajzen (1991) and, Barr, Gilg and Ford (2001b), psychological variables 
such as values, beliefs and norms have a direct effect upon behavioural intentions. 
However, Sánchez and Lafuente (2010) have seen these as direct determinants of 
attitudes which ultimately have an indirect effect on behavioural intentions (pro-
environmental behaviours) (see figure 2.4). In both instances, these psychological 
senses collectively control the behavioural intentions to different degrees, which may be 
at different levels for different people. 
 
Norms are social pressures that are specific to social groups and have the power to 
control the behaviour of society (Ajzen, 1991). They control the performance or non-
performance of a particular action by identifying it as “good” or “bad”. Norms also 
provide guidelines for acceptable, responsible and appropriate behaviour. These social 
norms sometimes become personal norms with the help of beliefs and values that 
control the behaviour of the particular person, notwithstanding social pressures. People 
with strong moral norms usually try to perform socially acceptable behaviour (Barr et 
al., 2001a). Ebreo et al. (1999) found that environmental consciousness in people also 
caused waste reduction and recycling behaviour. The self-satisfaction of doing 
something that has a positive effect on society and therefore being a socially responsible 
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person encourages a person to follow these norms (Sánchez & Lafuente, 2010). There 
are three types of beliefs such as; behavioural beliefs, normative beliefs and control 
beliefs (Ajzen, 1991). According to Ajzen (1991) behavioural beliefs determine the 
attitudes, normative beliefs control the norms and control beliefs link with behavioural 
control. Values, good or bad, are attached to actions and depend upon a person’s beliefs. 
Therefore, values and beliefs are more closely linked. These personal values and beliefs 
are again connected to norms. The separation of recyclable waste, waste reduction and 
proper waste disposal, which is often considered as good environmental or ethical 
behaviour in informed and educated societies, are norms related to SSWM practices. 
People undertake these activities as they have placed a positive value on being 
environmentally friendly (Barr et al., 2001b). Therefore, these SSWM activities are 
successful when they become strong social norms. According to Barr et al. (2001b), 
values and beliefs such as; human priority, active concern and the importance of nature; 
and the acceptance of norms, were determining factors in the intention to reduce/reuse 
waste and recycle.  As the values, beliefs and norms are closely connected to attitudes, 
and for ease of understanding, they are further considered hereafter under the section of 
attitudes. 
 
Impact of awareness/knowledge 
As Sánchez and Lafuente (2010) stated, knowledge is also very important in 
environmental behaviours. The awareness and related knowledge turns in to the 
perception of the problem. Perception shapes up the environmental values (Barr et al., 
2001b; Sánchez & Lafuente, 2010), subjective norms (Ajzen, 2001) and attitudes 
(Sánchez & Lafuente, 2010). As a result, environmental enthusiasm and consciousness 
which determine the behavioural intention are developed.  
 
Awareness programmes, school education and the news media seem to be playing a 
major role in increasing public knowledge regarding environmental issues. According to 
Desa, Kadir and Yusooff (2011), people are increasingly aware and interested in 
environmental problems nowadays. Some studies have aimed to find out the impact of 
knowledge, awareness and perception in waste related behaviours. According to Post 
(2007), knowledge regarding waste reduction, reuse, recycling and recovering are 
needed in order to acknowledge the impact of waste. The perceptions of the positive 
outcomes of recycling and environmentally friendly waste disposal methods encourage 
the public to engage in such activities. This also leads them to take rational decisions 
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regarding consumer behaviour. According to Schultz and Oskamp (1996), waste 
reduction and recycling related behaviour is closely related to knowledge and attitudes, 
in addition to other factors. Environmental knowledge, related experiences and the 
perception of the threat were found to affect the intention regarding waste reduction, 
reusing and recycling behaviour (Barr et al., 2001b). 
 
Impact of socio-economic and situational variables, and enforcement 
Other than the psychological variables households’ SE variables, situational variables 
(available facilities) and enforcement are also very important in determining the SSWM 
behaviour directly or indirectly through behavioural intentions (Afroz et al., 2011). 
Many researchers have proved that the SE variables of those within a household were 
also affecting the pro-environmental behaviours of the household. People may make 
decisions based on a consideration of their income, age, education, household size, and 
many other factors. However, in the field of SSWM related behaviour, the effects of SE 
can be inconsistent. A waste generation study undertaken in Dhaka, Bangladesh, 
confirmed that environmentally enthusiastic people, middle income earners and young 
adults are willing to minimize waste (Afroz et al., 2011). The effect of age on pro-
environmental behaviour also cannot be ignored. Barr et al. (2001b) showed that the 
intention of waste reduction was high among women in Exeter, UK. Further, Tadesse 
(2009) showed the impact of the quantity of waste generated by households as a factor 
affecting behavioural intentions.    
 
Situational variables are also affecting the behavioural intention and the behaviour 
itself. According to the study made in London on household waste related behaviour 
found that the reasons for recent increment of waste recycling in London, UK could be 
attributed to improved recycling facilities, expanded range of number of materials 
collection and awareness programmes (Brook Lyndhurst, 2006). Barr et al. (2001b) 
found that convenience facilities are affecting the intention of recycling positively. 
Derksen and Gartell (1993) also confirmed the need of a well-structured recycling 
programme for increasing household level recycling.  
 
In addition, regulatory enforcements also have the power to affect behavioural control 
in society. The fear of sanctions results in people behaving in an environmentally 
friendly manner. However, these policies and regulations become more successful when 
pro-environmental behaviour becomes social and personal norms (Kinzig et al., 2013). 
43 
 
Due to the similar effect of regulatory enforcements within a country, it cannot be 
considered as a determining factor in modelling.  
 
2.2.4. Importance of measuring awareness, attitudes and behavioural 
intention 
Factors such as attitudes, norms, values and beliefs, awareness, SE, along with the 
availability of suitable facilities, can affect behavioural intentions and behaviours of 
different people to different degrees. This amount can also be different from person to 
person. Further, Barr et al. (2001b) found that the factors affecting actual behaviour are 
largely different from those affecting intentions. However, as Ajzen (1991) stated, 
strong intentions ensure that the behaviour is performed. Again, by considering above 
findings in literature, it can be deducted that when there is an intention to undertake 
environmentally friendly waste behaviour, it is easier to provide the extra facilities to 
encourage the public rather than having to build that intention in the first place; this 
would be complex in nature and take a long time. It is therefore essential to study the 
relationship among awareness, attitudes and behavioural intentions in relation to 
sustainable practices among households.  
 
There is a considerable body of research which focused on this aim for many different 
countries. Barr et al. (2001a) has designed a conceptual framework to understand the 
attitudes affecting HSW management in Exeter, UK by including waste related 
environmental values, situational variables, and psychological variables. A further study 
was undertaken in the same area in order to understand the differences between 
behaviour and intentions regarding waste reduction, reuse and recycling (Barr el al., 
2001b). Barr, Gilg and Ford (2005) aimed to define multi-dimensional aspects of waste 
management (waste reduction, reuse and recycling) relating to the attitudes and 
behaviour of households in Devon, UK.  In the study of Groothuis and Miller (1994), 
they tried to understand households’ attitudes on the siting of a hazardous waste facility 
in Lawrence County, Western Pennsylvania. To study the waste management and 
recycling behaviour of Korean households, Lee and Paik (2011) developed the “New 
Ecological Paradigm” limits, anti-anthropocentrism, the fragility of nature’s balance, the 
rejection of exemptionalism and the possibility of an eco-crisis.  Social, cultural and 
structural influences on household waste recycling in Burnley, UK were examined by 
Martin et al. (2006). Ho (2002) in Singapore, Marquez et al. (2008) in Mexico, Omran 
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et al. (2009) in Malaysia, Post (2007) in Jamaica and Vicente and Reis (2007) in 
Portugal were also focussed on these relationships. However, such studies are lacking 
for Sri Lanka. 
 
The previous studies were able to identify different relationships and a large variety of 
factors affecting households’ behavioural intention of participating in SSWM practices 
and environmentally friendly behaviour regarding HSW. The variation of the 
determinants, their signs and magnitude were different from situation to situation. In 
that sense, studying the factors affecting the behavioural intention of households is very 
important in order to understand the situation specific insights with a view to improving 
the SSWM practices carried out by households.  
 
2.2.5. Understanding the relationships 
In order to obtain the above mentioned relationships by revealing households’ AAB, the 
attitudinal statements are used. There are different scales that can be used to measure 
households’ responses using those statements. The Thurstone scale, the Cumulative 
scale, the Semantic Differential scale and the Likert scale (Tittle & Hill, 1967) are the 
most commonly used scales when measuring waste related attitudes. Out of these scales 
the Likert scale (LS), (after Likert, 1932) has been used by many of the waste related 
studies for revealing households’ attitudes (level of agreement or disagreement) on 
waste related environmental concerns (Afroz et al., 2011; Barr et al., 2001a, 2001b, 
2005; Das, Birol & Bhattacharya, 2008; Groothuis & Miller, 1994; Ho, 2002; Lee & 
Paik, 2011; Marquez et al., 2008; Martin et al., 2006; Omran et al., 2009; Post, 2007; 
Sidique, Lupi & Satish, 2010; Tadesse, 2009; Vicente & Reis, 2007).   
 
As stated by Bertram (2004), Likert scale has many advantages such as; simplicity, 
greater reliability and the fact that it is easier to understand by respondents and 
disadvantages such as; central tendency bias (avoidance of extreme responses), 
acquiescence bias, social desirability bias, a lack of reproducibility and validity 
measuring difficulties. These weaknesses can be minimized in the development of the 
statements. Further, there is an argument regarding whether Likert scale is an ordinal 
scale, where only the response types are in a ranking order but without equal intervals, 
or interval scale, where equal interval between the rankings. Jamieson (2004) suggested 
that Likert scale to be fall on ordinal scale. However, there is a loss of information if 
this scale is treated as an ordinal scale. On the other hand, as these rankings are arranged 
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symmetrically there is a chance that a respondent takes them as equidistant, where 
scores can be summated (Johns, 2010; Page-Bucci, 2003). Using the mean value was 
also suggested in order to give a clear idea regarding the sample (Johns, 2010). There is 
an uncertainty as to whether the respondent understands the distance as equal or not. 
However, many of the waste related studies have used Likert scale as an interval scale 
(Barr et al., 2001b; Das et al., 2008; Ho, 2002; Lee & Paik, 2011). There are two 
elements to Likert scale; the statements and the response scale (Johns, 2010). 
 
Developing the statements 
These statements were designed to access the feelings of the respondents in order to 
obtain the hidden arguments (Groothuis & Miller, 1994). Likert (1932, p.45) and Johns 
(2010) stated the need for simple, clear and unambiguous statements. Therefore, careful 
consideration should be given when designing the statements in order to make them 
easy to understand for the respondents. As pointed out by Page-Bucci (2003), these 
statements have to be designed both positively and negatively in order to avoid the 
respondent being able to “agree” on every statement; this would improve the reliability 
of the results. However, there is no need for all the statements to be accurate (Dyer, 
1995). Instead, when the statements combine with the scale there needs to be different 
possible perceptions of the view for the respondents to select. Johns (2010) further 
suggested avoiding double-barrelled questions, quantitative terms and leading (for a 
particular answer) questions in developing the statements. More importantly, Liker 
(1932) suggested avoid using facts in the statements.  
 
In the previous studies, Likert statements were used in order to measure the agreement 
and disagreement for particular activities and attitudes (Barr et al., 2005; Ho, 2002; 
Sidique et al., 2010) or the frequency of engaging different activities (Barr et al., 2001a, 
2005) related to SSWM. There were a different number of statements such as 8 
(Groothuis & Miller, 1994), 12 (Omran et al., 2009; Post, 2007), 13 (Ho, 2002; Vicente 
& Reis, 2007), 15 (Lee & Paik, 2011), 17 (Sidique et al., 2010), 20 (Barr et al., 2001a, 
b), and 85 (Marquez et al., 2008). According to Johns (2010), including more items 
ensured a more accurate understanding. However, including too many items could also 
result in the respondent becoming bored.   
 
Further, in order to improve the clarity of the statements the studies have categorized 
them under various sections that represent SSWM practices. Barr et al. (2001ab) have 
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categorized the statements under waste reduction, reuse and recycling.  Vicente and 
Reis (2007) used 13 statements representing recycling attitudes and 14 statements for 
incentives for recycling participation.  
 
Measuring scale 
There can be any number of choices regarding the appropriate measuring scale. 
However, Page-Bucci (2003) suggested balancing the positive and negative choices in 
order to minimize bias and, hence, to improve reliability. Johns (2010) explains the 
importance of having a neutral mid-point. According to him, this allows mixed but 
definite feelings and no interest or feeling about the particular statement. In that sense 
respondents receive a selection, even in the situations of ‘undecided’ and ‘do not know’; 
this is also known as a non-response choice and results in the Likert scale having an odd 
number of choices.  
 
A measuring scale is also very important in order to weigh the AAB. A different 
number of levels have been used by different studies in order to measure the statements, 
for example;   3-points (Post, 2007; Vicente & Reis, 2007), 4-points (Vicente & Reis, 
2007), and 5-points (Afroz et al., 2011; Barr et al., 2001a, 2001b; Barr et al., 2005; Das 
et al., 2008; Groothuis & Miller, 1994; Ho, 2002; Lee & Paik, 2011; Marquez et al., 
2008; Martin et al., 2006; Omran et al., 2009; Tadesse, 2009; Sidique et al., 2010). 
  
Due to the difficulty in measuring the strength of the direction in two or three levels and 
the difficulty in labelling in larger scales such as 7, 5 point scales have been widely used 
(Johns, 2010). The levels of Strongly Agree, Agree, Neither agree nor disagree, 
Disagree, and Strongly Disagree are widely used to measure agreement and 
disagreement. Respondents are free to select one of the levels for each statement. Lee 
and Paik (2011) used the New Ecological Paradigm method with these 5 levels. Again, 
Groothuis and Miller (1994) measured NIMBY syndrome using 5 levels. Many of the 
studies have given a higher value on the scale (5 in a 5 point scale) to the agreement 
option (Afroz et al., 2011; Barr et al., 2001a; 2001b; 2005; Barr & Gilg, 2007; Das et 
al., 2008; Ho, 2002; Lee & Paik, 2011; Marquesz et al., 2008; Martin et al., 2006; 
Omran et al., 2009; Vicente & Reis, 2007).  
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Analysis  
It is useful to group the weighted statements in order to understand the relationships of 
AAB. There are two analytical methods for forming the attitudinal statements in to 
coherent subsets, i.e., principal component analysis and factor analysis (Tabachnik & 
Fidell, 2001). The principal component analysis is a type of descriptive analysing 
method (Abdi et al., 2010) opposed to the quantitative nature found in factor analysis 
(Odimegwu, 1999). In principal component method, the variables representing the 
statements are transformed in to linear combinations and then all the variances are used 
to group the statements into meaningful sets known as ‘components’ (Barr et al., 2005).  
In Factor analysis, only the shared variances are considered to form the factors 
(Tabachnik & Fidell, 2001).   
 
Due to the statements only with higher loadings were considered, whilst ignoring the 
other, it is also called a data reduction technique (Barr et al., 2005; Groothuis & Miller, 
1994). This aggregation method yields several different components and the amount of 
variance is explained by the components. Principal Component Analysis was used 
frequently in the literature in order to analyse the Likert scale responses. This was also 
used in measuring households’ attitudes relating to waste by previous studies such as 
Barr et al. (2005), Oskamp, Burkhardt, Schultz, Hurin and Zelezny (1998), Rahardyan, 
Matsuto, Kakuta and Tanaka (2004) and, Vicente and Reis (2007).  
  
Three methods were used to decide how many factors with factorability can be 
extracted using the FA; Kaiser’s criterion, scree test, and parallel analysis (Pallant, 
2005. As suggested by Pallent (2005), KMO measure (after Kaiser, 1970, 1974) of 
sampling adequacy (above 0.6) and Bertlett’s test (after Bertlett, 1954) of significance 
(p<0.05) need to be considered. The eigenvalues are used to examine the KMO measure 
(the variance and extraction of the components). Scree plots are also used to determine 
the number of components (Lee & Paik, 2011). The resultant eigenvalues are compared 
with the random eigenvalues generated by Monte Carlo Parallel Analysis in order to 
determine the number of components (Pallent, 2005).  
 
After extracting the components, the next step is rotation (Barr et al., 2005). This is 
undertaken in order to allow the easy interpretation of the components. According to 
Garson (1998), rotation changes the eigenvalues whilst keeping the sum of the 
eigenvalues constant. Of the available rotation methods, most of the studies have used 
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the Varimax rotation and Direct Oblimin rotation methods. Direct Oblimin rotation 
allows for multi-loading. Therefore, this method can also be used to determine which 
rotation method is more suitable for the data set (Pallent, 2005). According to Garson 
(1998), the loadings above 0.6 are considered high and the loadings below 0.4 are 
usually low.  Some studies have used the Direct Oblimin rotation method (Kaiser, 
Oerke & Bogner, 2007). On the other hand, Varimax rotation is an orthogonal rotation 
method that assumes no correlation among the components (Barr et al, 2005). As a 
particular statement belongs to only one component, this method eases the process of 
explaining the components. For this reason, this method was widely used in the 
literature (Barr et al., 2001a; Groothuis & Miller, 1994; Lee & Paik, 2011; Rahardyan et 
al., 2004; Vicente & Reis, 2007). 
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2.3. Preference and Valuation for a HSW Collection Service 
2.3.1. Stated Preference Method 
For any environmental conservation or service-providing project, internalising the 
externalities, and, hence a price correction is needed to make the polluter pays the social 
cost (O’Connor, 1996).  This helps to improve the quantity and quality of the service. 
However when particular good or service is not available in the real market, economic 
value has to be estimated; which cannot be necessarily equal to the market value 
(Freeman et al., 2014). This economic value consists of market and non-market values. 
Valuation depends on the concepts of utility and utility maximization in Neo-Classical 
theory (Baarsma, 2000). In this task, it is also important to use supply cost and demand 
in determining the economic value. It is crucial to treat stakeholders’ valuation in 
estimating demand for the particular service (Hanley & Barbier, 2009). This is 
especially important when implementing a charging method for a service that was 
previously free. Therefore, to obtain the stakeholders’ support, benefit they receive is 
needed to be studied and their preference and valuation should also be acknowledged 
(Freeman, Herriges & Kling, 2014). The value of a good or service for the consumers 
can be estimated by aggregating the value of individuals; it is assumed that people have 
different levels of preference for different levels of goods (Freeman et al., 2014). The 
value for a particular good can be obtained from the utility function (Baarsma, 2000). 
 
There are two types of approach when obtaining the preference of stakeholders over 
non-market goods; these are the ‘revealed preference method’ and the ‘stated preference 
method’ (Alpizar, Carlsson & Martinsson, 2001; Freeman et al., 2014). The revealed 
preference method, like the hedonic price and travel cost methods, is more reliable than 
the stated preference method as it uses observed real market choice data (use value) in a 
closely related market (Freeman et al., 2014).  In contrast to the stated preference 
method it demands a study of the behaviour and preference of consumers in a real, 
rather than hypothetical, situation (Adamowicz, Louviere & Swait, 1998). However, 
when obtaining details regarding the demand for a waste collection service where there 
is no current market for household waste disposal, a stated preference method in a 
hypothetical payment situation is needed. 
 
A stated preference approach focuses on what people state about their preference for a 
given change (quantity and/or quality) in a hypothetical market for a particular good or 
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service (Adamowicz et al., 1998; Freeman et al., 2014). This can be acquired from their 
maximum willingness to pay (WTP) value (Hanley & Barber, 2009). This method is 
based on the assumption that the actual, true and hidden economic valuation for a 
particular good or service can be revealed by creating a hypothetical market (Barrsma, 
2000). The WTP by a respondent can only be valid and accurate when it is assumed that 
the hypothetical market closely resembles the real situation (Wattage, 2002). Carson 
and Hanemann (2005) stated that, obtaining the valuation for a good or service is 
broader and more complex than a normal survey. According to Baarsma (2000), a 
Hicksian (compensated) demand curve is estimated based upon the utility, using a stated 
preference method.    
 
In stated preference methods, there may be a possibility that the respondent does not 
reveal the actual valuation. The optimum value the respondent reveals depends on the 
expected cost of the good if it actually comes to market (Carson & Hanemann, 2005). 
When there is a difference between these two values for a particular respondent, the 
WTP value will not reveal the actual value. Revealing the actual cost depends upon the 
respondents’ belief concerning the government’s decision rule about how the WTP 
values obtained from the survey will be used with other factors (Carson & Hanemann, 
2005).  
 
There are three types of stated preference methods; Conjoint Analysis, Contingent 
Valuation Method (CVM) and Choice Modelling (CE) (Alpizar et al., 2001). Conjoint 
analysis includes numerous questions to evaluate each of the set of alternatives 
separately and in total in order to rank the alternatives; this method is extremely time 
consuming (Ku, Yoo & Kwak, 2009; Tarfaza, 2007). The Contingent ranking method 
also falls within this method (Baarsma, 2000). The success of Conjoint Analysis also 
heavily depends upon the design. On the other hand, CVM focuses on the whole good 
or service and valuates easily whilst the CE method further focuses on the individual 
features of it (Adamowicz et al., 1998). Therefore, with regard to CE, the attribute 
levels can be selected by the respondent, whereas such a selection is impossible in 
CVM. This can be considered as a limitation of CVM. Compared to CVM, CE is more 
useful in valuation, especially with regard to solid waste management services, as it has 
lesser limitations (Blamey, Gordon & Chapman, 1999) and a deeper understanding of 
the attributes (Jin, Wang & Ran, 2006). The aim of the CE approach is to estimate the 
individual’s preferences by establishing the relative importance of the different 
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attributes as incorporated within a set of alternatives (choices) relating to solid waste 
management; this is done by using a questionnaire. The choice modelling techniques is 
also known as attribute based stated choice modelling. For ease of use this method will 
hereafter be referred to as Choice Experiment (CE) throughout this thesis. Some studies 
have used both the CE and CVM methods to reveal the preference of residents for 
different aspects of HSW management (Boyer, 2006; Jin et al., 2006; Othman, 2002). 
Mogas, Riera and Bennett (2006) found a significant difference between the results of 
the two methods in valuing an afforestation programme in Spain. However, Jin et al. 
(2006) found that there was no significant difference between the values of CVM and 
CE with regard to solid waste programmes in Macao, China. 
 
Generally, any poorly designed stated preference method causes a complex and biased 
estimation of the product or service. Further, the stated preference method is unable to 
elicit the theoretical true value of a good because the elasticity of the estimate range 
depends on the assumptions and procedure (Baarsma, 2000). According to Carson and 
Hanemann (2005, p. 883), there are three possibilities in revealing the true value in 
stated preference methods, namely; “(a) people try to truthfully reveal their preferences 
irrespective of the incentives they face, (b) people tell the truth if there are no 
consequences associated with their answer, and (c) people only try to tell the truth when 
it is in their economic interest to do so”. However, according to Carson, Groves, List 
and Machina (2004), (a) and (b) are not correct. Therefore, the respondent revealing the 
real value depends on economic agents. To overcome the bias, Carson and Hanemann 
(2005) suggested the following assumptions; independency among the choices, that the 
elicitation format was incentive compatible and hence reveal the true value, and that the 
incentive structure is not different from that of the binary choice. 
 
Waste collection service with a charge, shares the characteristics of both public and 
private goods (Appasamy & Nelliyat, 2007; Demsatz, 1970). With regard to the damage 
caused to society and the expectations of households that it be offered as a free service, 
it can be considered as a public good (Coffey & Coad, 2010; Ostrom & Ostrom, 1999; 
Sumukwo, Kiptui & Cheserek, 2012). On the other hand, the waste collection service 
with a charge allows it to be treated as a private good, as the service charge involved 
and the payers are identifiable and any non-payment could result in the excludability of 
the service (Appasamy & Nelliyat, 2007; Cointreau, 1994; Demsatz, 1970; Fullerton & 
Kinnaman, 1996; Triche, 1990). Due to this duel nature of the charged waste collection 
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service, it can also be considered as an impure public good (Dubin & Nivarro, 1988; 
Fullerton & Kinnaman, 1995).   
 
As these two stated preference methods have two different roles, using both approaches 
is common in the field of valuation of waste collection (Jin et al., 2006; Othman, 2002; 
Boyer, 2006). Further, Othman (2002) suggested using these two methods to study the 
mismatch of the WTP values and the service features (Othman, 2002). In the light of 
these studies, households’ preferences and the demand for an improved waste collection 
system can be obtained using these two methods. 
 
2.3.2. Choice Experiment 
As a stated preference method, CE method has recently drawn the attention of 
practitioners. CE has used Lancastrian Consumer Theory and Random Utility Theory as 
its base with psychological theories used to explain the decision making (Jaffry, 
Pickering, Ghulam, Whitmarsh & Wattage, 2004). According to Lancaster’s consumer 
theory (1966, p. 134) a good or service can be divided into several attributes 
(characteristic) with different utilities. Further, these attributes result in the satisfaction 
of the consumer by forming the whole service. Therefore, CE uses the identified 
attributes of the good or service to be valued. These attributes are presented with the 
levels that ultimately make the utility. The most preferred combination of attributes and 
level (with maximum utility) for a good or service are to be valued in CE method 
(Hanley & Barber, 2009). 
 
The way in which the respondent makes the choice between particular combinations of 
levels of the attributes, can be explained by the Random Utility Theory. Thurston, 
(1927, p. 266-267) explained the dominance of comparative judgment (response) made 
between offerings using a psychological stimuli (service description). Further, 
McFadden (1977, p. 533) explains the total utility of a choice as a combination of a 
utility of observed and non-observed variables for a respondent. The Random Utility 
model can be explained as the inclusion of the utility from non-observed variables in the 
determination of total utility. 
 
CE also has its roots in conjoint analysis (experimental analysis of choice) where 
individual judgments of multi-attribute stimuli are represented (Adamowicz et al., 
1998). Therefore, CE valuation depends on the combination of different levels of 
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attributes and the socio-economic characteristics of the respondent. In this method the 
respondent is asked to select one choice (his/her most preferred) from available choices 
(choice set) that contain several attributes of the service and several levels (alternatives) 
attached to them (Cooper, Crase & Dollery, 2006; Hanley, Mourato & Wright, 2001; 
Harris & Probert, 2009; Kimenju, Morawetz & De Groote, 2005). The estimated 
implicit value in CE represents collective value for the selected levels of the attributes in 
the service. Therefore, there is a trade-off among the different levels of the attributes 
(Othman, 2002). The promising advantages of this stated choice method, as stated in 
Adamowicz et al. (1998, p.7), is; “(1) control of the stimuli is in the experimenter’s 
hand, as opposed to the low level of control generally afforded by observing the real 
marketplace; (2) control of the design matrix yields greater statistical efficiency and 
eliminates collinearity (unless explicitly built into the design); (3) more robust models 
are obtained because wider attribute ranges can be applied than are found in real 
markets; and (4) introduction and/or removal of products and services is 
straightforwardly accomplished, as is the introduction of new attributes”. 
 
To obtain the stakeholders’ preference over several alternatives, CE has been widely 
applied by a large number of studies with a wide range of areas, namely; the valuation 
of cultural heritage sites (Choi, Ritchie, Papandrea & Bennett, 2010);  the valuation of 
travel mode demands for sub-urban trips (Espino, Ortúzar & Román, 2006); behaviour 
relating to travel mode choice (Hess, Rose & Hensher, 2008); valuing sustainable 
wetland management (Birol, Karousakis & Koundouri, 2006); preference for remnant 
vegetation management methods (Blamey, Bennett, Louviere, Morrison & Rolfe, 2002); 
the valuation of management options for marine protected areas (Glenn et al., 2010); the 
valuation of coastal resources (Liu et al., 2009); valuing coral reef conservation (Sorice, 
Oh & Ditton, 2005); conservation options for deep sea coral reefs (Wattage et al., 
2011); fisheries management objectives (Wattage, et al., 2005); selecting dengue control 
options (Siriwardena & Gunaratne, 2010); trade-offs between conservation and the 
development of wetlands (Wattage & Mardle, 2005); the valuation of water resource 
management (Birol et al., 2006); valuing water supply options (Blamey et al., 1999); the 
valuation of the re-using of waste water (Cooper et al., 2006); valuations of sustainable 
seafood products (Jaffry et al., 2004); selecting minimal waste coffee cups (Harris & 
Probert, 2009); valuing maize as a meal (Kimenju et al., 2005) and valuing genetically 
modified foods (Kontoleon & Yabe, 2003). 
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CE can also be applied to household waste collection services in order to obtain the 
consumers’ preference and the valuation for a particular waste collection service. Due to 
waste generation and disposal by households not being sustainable in many urban 
situations, revealing their preference and demand for a waste collection system is 
important as a “bottom up approach” in decision making. The importance of obtaining 
the support of households alongside a lesser burden in the waste management sector 
was identified by Sakata (2007). Households’ preferences and the demand for an 
improved HSW collection system can be revealed from the CE method. The use of CE 
has become famous for revealing preference in the waste management sector as a non-
market valuation method. In the literature, various aspects of waste management were 
studied using CE. Many of the previous studies were undertaken in order to reveal the 
preference of the households on different aspects of waste management options 
(Bennagen, Nepomuceno & Covar, 2002; Boyer, 2006; Das et al., 2008; Jin et al., 2006; 
Karousakis & Birol, 2008; Ku et al., 2009; Naz & Naz, 2005; Othman, 2002; Sakata, 
2007; Tarfaza, 2007).  
 
In order to improve the service, revealing households’ preferences and the valuation for 
a waste collection system has become a priority in the field of waste management. This 
can also be used to encourage households in SSWM practices. For this purpose, 
revealing households’ preferences and the valuation for an improved waste collection 
service is crucial. 
 
Developing the Choice Experiment 
Adamowicz et al. (1998, p. 12-16), have developed a seven step procedure for CE.  The 
first step is identification of the problem with its characteristic; i.e. society’s awareness 
and willingness to make a decision, the dimension of the problem, the available 
information regarding alternatives and attributes, how to develop a choice set and how 
to make a decision. The size and composition of the choice set, suitable attributes, 
factors for the choice and the sampling frame can be developed at this stage.  The 
second step of selecting attribute levels and the number and value of the levels was 
developed for each attribute using the step one information. These levels and values 
have to be selected using available primary or secondary data and are to represent a 
possible range or market interest. The third step of experimental design includes the 
development of choice sets to represent a complete factorial combination of attribute 
levels. The fourth step of developing the questionnaire consists of choice sets and other 
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data (socio-economic, attitudes, behaviours etc.). The fifth step is sample sizing and 
data collection; this includes sample size determination. The sixth step is model 
estimation; maximum likelihood was the most common criterion and multinomial logit 
was the most common random utility model that could be found in the literature for CE. 
The seventh and final step is to develop a decision support system, which is a 
computerized tool with transparent and readily accessible data designed to ease the 
decision making process. Wattage, Mardle and Pascoe (2005) have simplified these 
steps to; understanding the problem; identifying the levels of the attributes; and the 
attributes’ positioning in the choice sets. 
 
During the first step of identifying the problem, developing the description and 
identifying the attributes are carried out.  In any stated preference method under non-
market valuation, a decision context and service description to the hypothetical situation 
is needed as stimuli (Adamowicz et al., 1998) in order to give an idea before asking 
preference. Liu, Wirtz, Kannen and Kraft (2009) also explained the importance of 
explaining this to the respondents prior to the survey in order to avoid unnecessary 
outcomes. 
 
The demand related attributes of a waste collection system and their valuation 
(payment) with different levels (alternatives) are used to define different options for a 
waste collection system. Therefore, identifying the attributes for the choice set is 
important. This allows for the collection of as many features of a waste collection 
service as possible. However, selecting too many attributes and levels makes it a 
difficult task for the respondent. The attributes used by the previous studies are: need 
for waste separation (Jin et al., 2006; Naz & Naz, 2005; Othman, 2002, Tarfaza, 2007); 
the number of recyclable waste separations (Karousakis & Birol, 2008; Sakata, 2007); 
organic waste collection (Boyer, 2006; Karousakis & Birol, 2008); textile waste 
collection (Karousakis & Birol, 2008); the frequency of waste collections (Boyer, 2006; 
Das et al., 2008; Jin et al., 2006; Ku et al., 2009; Naz & Naz,  2005; Othman, 2002; 
Tarfaza, 2007); the frequency of recyclable waste collections (Karousakis & Birol, 
2008; Boyer, 2006); the method of collection (Das et al., 2008; Naz & Naz,  2005); 
institution (Naz & Naz,  2005); charging method; level and payment vehicle (Boyer, 
2006; Das et al., 2008; Jin et al., 2006; Karousakis & Birol, 2008; Ku et al., 2009; Naz 
& Naz,  2005; Othman, 2002; Sakata, 2007; Tarfaza, 2007). The most common 
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attributes identified from the literature were: waste mix (the need for separation and the 
number of separations); frequency of collections; type of collection and the fee.   
 
The second step is incorporated along with selecting the levels for the identified 
attributes in the first step. Under the CE method respondents make trade-off decisions 
according to the value of alternatives (World Health Organization, 2012). Therefore, 
according to Choi et al. (2010) the utility of the most preferred choice, which is a 
combination of different levels of the attributes, can be determined from the choice 
experiment. For this purpose, the alternatives are presented as the levels of the attributes 
used in the choice set. 
 
Waste mix was included as the first attribute of the choice set in all previous studies 
regarding waste collection systems. This attribute comprises of separation type (mixed 
or separated) and the number of separations. Some studies have considered a higher 
number of waste separations. The study of Sakata (2007) for Kagoshima city, Japan, 
used three levels of waste mixes. There were three separations (combustible goods, non-
combustible goods, and large goods), 11 separations, and 21 separations. Karousakis 
and Birol (2008) gave the options of 2, 3 or 4 items separations of recyclable material, 
namely paper, glass, aluminium and plastic. These studies found that when the numbers 
of separations were higher, the utility for the household was lower hence the willingness 
and continuous support from households can be lower. Therefore, many previous 
studies have included an attribute with two levels for mixed waste and separated waste. 
Jin et al. (2006), Naz and Naz (2005), Othman (2002) and Tarfaza (2007) have used this 
approach because it is important to obtain the opinion of households regarding waste 
separation at the source. 
 
The second attribute of collection frequency determines the utility that households 
receive from the waste collection service. In the study undertaken in Macao, China, 
there were two levels, namely, once a day irregular and twice a day regular (Jin et al., 
2006). There were three frequencies, namely, three times regular, three times irregular 
and four times irregular, in the study undertaken in Seremban, Malaysia (Othman, 
2002). Other studies have included 1, 2, 4 (Ku et al., 2009), 1, 2 (Naz & Naz, 2005) and 
1, 2, 3 (Tarfaza, 2007) times a week frequencies. Increasing the waste collection 
frequency is appealing from a households’ perspective; however, it brings an additional 
cost to the LAs. Therefore, a balance is needed when deciding the frequency of 
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collection and, in that regard, only the possible frequencies should be included as the 
levels of this attribute.    
 
A monetary variable is included as a payment or charge in the choice set (Choi et al., 
2010). The charging method (flat or variable rate), the amount of the charge, and the 
payment vehicle can be included in this attribute. Sakata (2007) included three options 
for charging method namely, flat rate, two stages rate (fixed up to a limit and then 
variable rate) and a variable rate (per bag). However, most of the studies have used a 
flat rate method by way of a monthly payment per household (Karousakis & Birol, 
2008; Ku et al., 2009; Othman, 2002), annual payment per household (Sakata, 2007), 
monthly payment per person (Jin et al., 2006) or payment per waste bag (per week) 
(Boyer, 2006; Naz & Naz, 2005). 
 
The charge amount (monetary cost) attribute is linked with the willingness to pay and 
the willingness to obtain values. Hanemann (1989) stated that the maximum WTP 
(preference) for a choice is a random variable which determines the welfare (gain/loss) 
to each individual. The levels of the monthly charge are important and therefore the 
design needs considerable care. Previous studies have designed charge amounts by 
considering country specific situations such as the current payment amount. The zero 
value is usually included to ensure the correct preference in the cases of zero valuation 
(Jin et al., 2006). When there are no such charges in the current situation, this non-
payment option is extremely important. Some studies have used CVM with open-ended 
questions to determine the charge levels for the choice set (Aprilia, Tezuka & 
Spaargaren, 2012; Birol et al., 2006; Karousakisa & Birol, 2007). This is useful when 
introducing a charge for the waste collection service for the first time. 
 
After selecting the attributes and levels, the third step is to develop the choice sets that 
contain all or some of the choice options (the combination of the different levels of the 
same attributes) in order to obtain the preference from the respondent. However, it is not 
possible to present all of the alternative options to a respondent when there are a large 
number available. To limit the number of combinations, many studies used orthogonal 
design (Das et al., 2008; Jin et al., 2006; Karousakis & Birol, 2008; Ku et al., 2009; Naz 
& Naz, 2005; Othman, 2002; Sakata, 2007; Tarfaza, 2007). After finalising the choice 
options that are going to be presented to the respondents, “two factor at a time” and 
“full profile” methods can be used to arrange the choice options. In the two-factor 
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method the respondent is presented with only two or three alternatives at a time. One of 
the options is usually a status quo whilst the other is one of the improved options in the 
choice set.  Several tasks of pair wise comparisons are given to the respondents. This 
method was followed by Boyer (2006), Das et al. (2008), Jin et al. (2006), Karousakis 
and Birol (2008), Ku et al. (2009), Naz and Naz (2005), Othman (2002), Sakata (2007) 
and Tarfaza (2007). Even though this method has the advantage of simplicity, the 
reduced realism, the higher number of tasks required in order to obtain a better 
judgement and the time taken for those tasks and unbalanced answers are the 
disadvantages to this method (Green & Srinivasan, 1978). Using a higher number of 
tasks ranging from four (Hanley, Wright & Adamowicz, 1998; Ku et al., 2009; Choi et 
al., 2010), five (Othman, 2002), 6 (Tarfaza, 2007) and eight (Das et al., 2008; Jin et al, 
2006; Karousakis & Birol, 2008; Naz & Naz, 2005; Sakata, 2007) can be seen among 
the previous studies. Giving more tasks to a respondent results in less support being 
obtained, boredom setting in and low accuracy regarding the preference selection.  
 
On the other hand, the full profile method represents a full set of options to the 
respondent. According to Green and Srinivasan (1978), this method is a concept 
evaluation method which has such advantages as a higher predictive validity and a 
realistic representation of the alternative options which acts as a stimuli for the selection 
by comparing the alternatives. They also recognized the disadvantage of information 
overload for the respondent when comparing each alternative in order to select the most 
preferred one. With regard to this issue, it was advised to limit the number of alternative 
choices.  Furthermore, they have suggested limiting the number of attributes and the 
levels in the choice set to one or two levels of the alternatives. This allows the 
respondent to link “part-worth function” among the alternatives in order to select the 
preferred choice easily and without being overloaded with information. This method 
was not popular in revealing households’ preference for an improved waste collection 
service. However, Wattage et al. (2011) have used this method to reveal the preference 
for conserving deep-sea corals in Irish waters with nine alternative choices being 
presented to each respondent. 
 
Including the current situation of each attribute (level) as an option is common in many 
studies (Boyer, 2006; Das et al., 2008; Jin et al., 2006; Karousakis & Birol, 2008; Ku et 
al., 2009; Naz & Naz,  2005; Othman, 2002; Tarfaza, 2007; Sakata, 2007). This baseline 
option which is status-quo is a welfare measure that allows the respondent to compare 
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the possible options with the current service for utility maximization (Karousakis & 
Birol, 2008). According to Jin et al. (2006), this option represents a ‘no improvement’ 
and ‘no cost’ situation. However, in some countries, such as Sri Lanka, there is no such 
baseline option that can be considered as the status quo. Different households receiving 
different service levels are common, especially in developing countries (Hoornweg & 
Bhada-Tata, 2012). 
 
2.3.3. Contingent Valuation Method  
The Contingent Valuation Method (CVM) has been widely used in the literature as a 
stated preference method for non-market valuation in order to elicit the willingness to 
pay (WTP). The CVM has been used in a wide range of areas such as environmental, 
tourism, cultural health and transport (Carson & Hanemann, 2005; Wattage, 2002). This 
is a leading stated preference method for directly eliciting the total economic value as a 
form of opinion. As the name suggests, there is a contingent nature to this valuation 
method to categorize as a stated preference method rather than a revealed preference 
method. CVM measures total economic value, both use values and non-use values, of a 
product or service (Carson & Hanemann, 2005). The CVM is known as a method of 
valuation for non-use values (passive uses or intangible values) of environment services 
(Desvousges et al., 1993). The CVM provides a strong base for eliciting the valuation of 
improvements of waste collection systems in accordance with social, environmental and 
economic aspects. This valuation measures only benefit or cost of an individual. To 
estimate the total social benefit, the sum of the individual benefit (WTP) needs to be 
calculated within the population (Hoyos & Mariel, 2010). According to Afroz and 
Masud (2011), this is the most direct method to ascertain the valuation for the 
improvement of a current waste collection system. The valuation is based on the utility 
gained by the proposed improvement of the waste collection system.  
 
CVM has its base in welfare economics under the utility maximization of individuals 
and, hence, obtains the maximum value for the welfare gain from the particular change 
of a whole good or attributes of a good (Carson & Hanemann, 2005; Hoyos & Mariel, 
2010). This maximum WTP is an immediate monetary (Hicksian) assessment of the 
preference (Carson & Hanemann, 2005). In this way this method can be used to obtain 
public opinion, not only regarding the commencement of new programmes, but also 
regarding the maintenance or improvement of current programmes (Afroz, Hanaki & 
Kurisu, 2009). Public intervention is needed for efficiency in resource allocation. 
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However, public intervention can only be justified if the benefit to public from a 
particular change exceeds its cost (Hoyos & Mariel, 2010).   
 
As this is a non-market valuation method, the disadvantage of counting the preference 
based on a hypothetical situation is unavoidable (Afroz & Masud, 2011). On the other 
hand, it is an advantage in terms of eliciting the preference, to provide the hypothetical 
description of the new service rather than revealing the preference of a closed situation 
by observations (Carson & Hanemann, 2005). To ensure that the respondent does the 
close market action on the basis of a correct hypothetical situation, the structure of the 
CVM is very important (Wattage, 2002).  
 
Developing the contingent market  
Many studies have used the CVM method in order to reveal the benefit of improving the 
current waste collection system for different countries. These studies have obtained the 
maximum willingness to pay (WTP) for the improvements to the current system by way 
of a form of waste collection service charge (Afroz et al., 2009; Altaf & Deshazo, 1996; 
Amiga, 2002; Bakopoulou, Polyzos & Kungolos, 2010; Basili, Matteo & Ferrini, 2006; 
Bhattarai, 2002; Huhtala, 1999; Jin et al., 2006; Jones, Evangelinosa, Halvadakisa, 
Iosifidesb & Sophoulisa, 2010; Niringiye & Omortor, 2010; Pek & Othman, 2010; 
Rahji & Oloruntoba, 2009; Strener & Bartelings, 1999; Tamura, 2005). As a stated 
preference method, the direct way of asking households to evaluate the price of a waste 
unit (bag) is effective. Among some of the similar studies, WTP values were revealed 
for, extra cost per year in Korea (Ku et al., 2009), annual charge in Japan (Sakata, 
2007), monthly waste collection charge per household in Malaysia (Othman, 2002), 
monthly tax increase for kerbside recycling service in London (Karousakis & Birol, 
2008) and per person per month in Korea (Jin et al., 2006). This enables the design of 
the price structure for the waste collection service (Afroz et al., 2009; Afroz & Masud, 
2011; Jones et al., 2010; Othman, 2002). In the light of these studies, this method can be 
applied to reveal the households’ demand for unit of waste in the form of a WCC in a 
hypothetical situation.  
 
Carson and Hanemann (2005, p.825) identified a procedure for developing the CVM 
question as follows: 
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“(1) an introductory section identifying the sponsor and general topic, (2) a 
section asking questions concerning prior knowledge about the goods and 
attitudes toward it, (3) the presentation of the CV scenario including what the 
project was designed to accomplish, how it would be implemented and paid for, 
and what will happen under the current status quo situation if the project were 
not implemented, (4) question(s) asking for information about the respondent’s 
WTP/WTA for the goods, (5) debriefing questions to help ascertain how well 
respondents understood the scenario, and (6) demographic questions.” 
 
These steps to the CVM scenario can be summarized into two main steps, namely, a 
description of the hypothetical situation and the actual elicitation process in order to 
obtain the maximum WTP (Altaf & Deshazo, 1996).  
 
The description is important in order to give a better understanding of the hypothetical 
situation before asking the WTP in any stated preference method (Amiga, 2002; Carson 
& Hanemann, 2005; Hoyos & Mariel, 2010). In CVM, the description plays a more 
major role than in other stated preference methods (Carson & Hanemann, 2005).  
According to Lusk and Hudson (2004), there could be a chance that the respondents 
behave differently when the situation is hypothetical rather than real. Therefore, this 
hypothetical situation has to be designed with care in order for it to be clear to the 
respondent and without possible bias (Mitchell & Carson, 1989). The description needs 
to be clear, sufficient and accurate but not overwhelming (Carson & Hanemann, 2005; 
Hoyos & Mariel, 2010). Properly developed descriptions result in an easy understanding 
in order to minimize the hypothetical bias (Amiga, 2002). The quantity and quality 
change of the goods have to be provided with the beneficiaries in the description 
(Baarsma, 2000). It should start with the current situation and the need for an improved 
system for waste collection, feature the new system and include details of the 
responsible organization, details of how it works, the costs to be incurred and what 
happens to the money collected (Afroz et al., 2009; Afroz & Masud, 2011; Altaf & 
Deshazo, 1996; Jin et al., 2006; Pek and Othman, 2010). When presenting the new 
situation, the attributes and levels of the attributes need to be drawn from pre-tests and 
pilot studies in order to be reasonable (Venkatachalam, 2004). As this is not a one-time 
payment, the aim of collecting money needs to be made clear. According to the 
literature the payment vehicle has to be reasonable and strong enough to encourage 
revealing the true value (Carson & Hanemann, 2005; Hoyos & Mariel, 2010).  
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After the description, the elicitation is included in the CVM question. The selection of 
the most suitable elicitation method is very important in order to avoid bias. There are 
five different methods used in CVM; these are: closed ended, closed ended or open 
ended with a follow-up question, a bidding game, payment card and open ended 
(Amiga, 2002; Boyle et al., 1996). For a stated preference valuation in a hypothetical 
situation, the elicitation method is more important than in the actual situation (Brown, 
Champ, Bishop & McCollum, 1996). Therefore, selecting a suitable response format is 
extremely important for the design. In a closed ended format (known as discrete choice, 
single bounded dichotomous choice, take it or leave it or referendum), the respondent is 
asked about his/her willingness to pay a certain amount for the change. Niringiye and 
Omortor (2010) have used this method to elicit households’ valuation for the 
improvement of a waste management system in Kampala, Uganda. This method was 
further developed by including a follow-up question known as a closed ended follow up 
format (double bounded dichotomous choice format). In some studies, this follow up 
question was an open ended question (Amiga, 2002; Danso, Drechsel, Fialor & 
Giordano, 2006) whilst, in other studies it was closed ended (Afroz et al., 2009; Basili et 
al., 2006; Huhtala, 1999; Jin et al., 2006; Rahji & Oloruntoba, 2009) in order to elicit 
the actual WTP of the respondent.  
 
According to the bidding game method, the preference for paying the specified amount 
is obtained with follow-up questions with lower or higher fixed values, depending upon 
the initial answer, until a most preferred value is arrived at. According to Cummings, 
Brookshire and Schulze (1986), the highest WTP (full consumer surplus) can be 
obtained by this method. The time that needs to be allocated for the questions can be 
considered a disadvantage in both the closed ended follow-up and the bidding game 
methods. The disadvantage of a starting point bias is relevant to all three of these 
methods (Amiga, 2002). 
 
The payment card method is also popular due to its ability to present large amounts of 
possible values for a respondent who thereafter selects a best value (Baarsma, 2000). 
Payment card can be either an open ended or closed ended format (Wattage, 2002). The 
closed ended format of this method has avoided starting point bias by having several 
bids. The open ended format elicits the exact value of the good or service to the 
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respondent (Carson & Hanemann, 2005). Therefore, WTP value represents a point in 
the demand curve of the particular good or service (Wattage, 2002).  
 
Within the methods of the bidding game and closed ended format with follow up 
questions, there needs to be more questions in order to come to a final value. A closed 
ended format, a closed ended format of payment-cards and an open ended format offer 
only one question (Hoyos & Marieal, 2010).  This is therefore easy for the respondent. 
Most of the methods discussed above, with the exception of the open ended format, 
involve designed bid values where it is possible to have a starting point bias 
(Venkatachalam, 2004). The bid vectors need to be pre tested prior to the actual survey. 
Alternatively, in an open ended format, in order to avoid the starting point bias in other 
formats, the respondent is asked to give a value for the proposed change (Amiga, 2002).  
 
The open ended format directly elicits the exact value of a particular good or service 
(Amiga, 2002; Carson & Hanemann, 2005). Therefore, this format provides continuous 
values (Baarsma, 2000; Carson & Hanemann, 2005). This method was widely used for 
obtaining the maximum WTP for changes in waste management systems (Amiga, 2002; 
Begum, Siwar, Pereira & Jaafar, 2007; Hagos, Mekonnen & Gebreegziabher, 2012; 
Jones et al., 2010; Pek & Othman, 2010). However, there are certain limitations when 
using the open ended format. This format gives a large number of zero WTP values 
(Carson & Hanemann, 2005). These zero bids can be genuine bids, protest bids or “do 
not know” bids and cannot be easily distinguished. A follow-up question can be used to 
understand the reason behind the zero response. However, when it comes to protest 
bids, regardless of the elicitation method, there can be a large number of protest bids 
when asking the WTP for a service that is currently operated free of charge. Giving a 
respondent enough time to think can minimize the valuation difficulties hence “do not 
know” zero bids (Pek & Othman, 2010; Venkatachalam, 2004). Different studies have 
treated zero responses in different ways. This is discussed in detail in Section 4.4.2.  
 
As literature stated, when considering the positive WTP values in hypothetical 
situations, the closed ended format obtains higher WTP values for public goods than the 
open ended format (Alvarez-Farizo, Hanley, Wright & Macmillan, 1999; Brown et al., 
1996; Desvousges et al., 1993). However, when Kealy and Turner (1993) compared 
these two formats for public good and private good valuation; they found no difference 
between the two formats in the case of private goods. Some studies proved that the 
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closed ended format overestimated both the expected value and the auction value when 
it came to private goods (Balistreri, McClelland, Poe & Schulze, 2001). This is because 
of the uncertainty of the valuation and “yea saying” (Brown et al., 1996; Mitchell & 
Carson 1989, p.240). Further, there are reliability issues when bid selection is not 
treated properly in the case of the closed ended format (Desvousges et al., 1993). 
Alternatively, when the open ended format was used to draw WTP values for a private 
good it got close to the auction values (Balistreri et al., 2001). As discussed in section 
2.3.1, due to the private good characteristics (duel nature with both public good and 
private good) of the charged waste collection service, easiness of revealing a value for 
waste collection service can be expected. Therefore, open-ended format can be used to 
reveal a WTP value for the waste collection charge.  
 
Aggregation 
The average WTP amount can be extrapolated to the whole population in order to 
estimate the total WTP for a waste collection (management) service (Amiga, 2002). 
This charge provides the possible extra revenue for the LAs which helps to improve the 
current service. Some of the similar studies have estimated the benefit which 
households obtain from an improved waste collection service with given features 
(Amiga, 2002; Baarsma, 2000; Hagos et al., 2010).  
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2.4. Economic Instruments for HSW  
As mentioned in the previous sections, a higher production of HSW, the lack of public 
commitment to waste separation and recycling, and the improper waste management 
practices by LAs due to a lack of finance, most notably in developing countries, causes 
environmental, social and economic problems with regard to HSW in urban areas. 
Command and control measures and economic instruments are playing a major role in 
encouraging general public to be environmentally friendly (Jones et al., 2010). 
However, command and control approaches are lacking or have failed in the HSW 
sector (UNEP, 2005a). Although economic instruments are not a new approach, their 
use in the household sector with regard to many situations, has become popular in 
recent decades. 
 
Economic instruments have been aimed at controlling waste generation and disposal 
behaviours by internalising the total cost of waste to the generators of it (Bhattarai, 
2002). Even though solid waste collection is a non-excludable service which is 
considered to be offered by the LAs in many occasions, the allocated amount of funds 
for waste management is not enough to provide an efficient and satisfactory service in 
urban areas in many developing countries. In that sense, economic instruments also act 
as a revenue generating method. Both developing and developed countries have shown 
successful results when using economic instruments to control the HSW sector. 
Bahauddin and Uddin (2012) suggested implementing economic instruments in 
developing countries due to; their ability to achieve waste reduction at a minimum cost, 
it being easier to enforce than a command and control approach, and due to their 
transparent nature and generation of revenues. On the other hand, there can be 
unwillingness to pay issues for such instruments (Miranda et al., 1996). However, 
literature proves that a properly designed economic instruments or set of instruments 
can be used to encourage households to engage in SSWM practices (Dijkgraaf & 
Gradus, 2004; Reschovsky & Stone, 1994) and move towards improving the 
sustainability of the HSW sector.  
 
Economic Instruments are defined as “a policy, tool or action which has the purpose of 
affecting the behaviour of economic agents by changing their financial incentives in 
order to improve the cost-effectiveness of environmental protection efforts (pollution 
control and avoidance)” (IADB, 2003a, p.7). Economic instruments are also policy 
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instruments used to ensure that, through the market mechanism, the economic cost of 
environmental damage is internalized by those responsible for causing the damage 
(polluter-pays principle), (Steele, 1999; United Nations Environment Program, 2004). 
As stated in the definition, economic instruments give incentives to both industries and 
households to minimize the quantity of waste they dispose of (Denne, 2005). Compared 
to Command and Control equipment, economic instruments shift the cost of pollution 
more effectively back on to polluters, by including the marginal environmental costs of 
the product or service, (United Nations Environment Program, 2004). However, the 
success of economic instruments can only be achieved by successfully implementing 
clear regulatory standards, adequate enforcement, facilities and incentives (Pearce & 
Turner, 1994; UNEP, 2005a).  
 
An economic instrument can be a waste collection service charge, a waste disposal 
charge, a deposit refund to ensure the return of materials from the landfill, a tradable 
permit to give rights to local authorities or industries to dispose of a specified amount of 
waste over a specified time period, and a subsidy to encourage waste reduction (Barron 
& Ng, 1996; UNEP, 2005a). The available instruments are reviewed in the following 
section in order to select the most suitable economic instrument for mainstream HSW. 
 
 Use of economic instruments in HSW management 2.4.1.
Out of the above mentioned economic instruments, tradable permits, subsidies and 
product charges are used in relation to industries in order to control their polluting 
activities (Denne, 2005; IADB, 2003a; United States Environmental Protection Agency, 
1997b). HSW can be directly and successfully controlled by deposit refund systems and 
user charges (waste collection service charges). Deposit refund systems are aimed at 
encouraging recycling by combining a tax (price increased by the deposit) and a subsidy 
(refunding the deposit). However, this can only be operated in relation to certain 
recyclable items (e.g. beverage containers, batteries, light bulbs, oil and car hulks) 
where the consumer is able get the tax back (a refund) by returning the item (Denne, 
2005; UNEP, 2005a). Although deposit refund systems work well in many countries, 
and are apparently more effective than voluntary return systems (Denne, 2005; UNEP, 
2005a) this instrument is not broad enough to control mainstream HSW.  
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On the other hand, user charges/waste collection charges are very useful in encouraging 
the waste reduction and recycling among households by internalising the collection, 
transportation, treatment and disposal costs of solid waste (IADB, 2003a). This method 
is also popular in both developed and developing countries, such as New Zealand, 
Kenya, and some Latin American countries, in order to control HSW (Denne, 2005; 
UNEP, 2005a). One disadvantage of this charge is that it ignores the marginal social 
cost of the negative impact of waste disposal upon the environment (UNEP, 2005a). In 
this case, even though it achieves cost recovery it is not able to achieve waste reduction 
or environmental protection (UNEP, 2005a). However, a WCC could be designed to 
include the total cost of waste management in order to control mixed HSW disposal and 
to encourage SSWM practices.  
 
 Waste collection charge for HSW  2.4.2.
With this method, the amount of the charge depends upon the usage, amount, type of 
waste and the method of treatment prior to final disposal (UNEP, 2005a). However, in 
the current situation, LAs consider only the private cost of waste collection and disposal 
due to financial constraints. Therefore, the gap between the total cost (operational, 
environmental and social costs) and the available budget (which only covers part of the 
operational costs) creates a harmful impact upon society and the environment. The 
WCC fills this financial gap as the polluter is required to pay the extra cost incurred in 
full cost accounting. Even though the mixed waste collection is priced, the recyclable 
waste and compostable waste collections can be offered free of charge as a public 
service, in order to encourage waste recycling as it generates more income to the LA 
from recycling.    
        
 Charging methods 2.4.3.
Flat rate vs Unit rate 
With a flat rate method, households are only required to pay a fixed amount for a waste 
collection service via a direct waste collection service charge or utility charge that 
encompasses all the public services obtained from the LA. Table 2.1 presents literature 
regarding the developing countries using flat rate method. 
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Table 2.1: Charging of HSW in developing countries. 
Country Method Payment vehicle Remarks Reference 
Jamaica Flat rate Property tax - Low amount of tax levied 
- Considering volume based method 
Huber, Ruitenbeek and Serôa da Motta (1998), 
Post (2007) 
Venezuela Flat rate Surcharge on electricity bill - Attempt volume based method Huber et al. (1998), UNEP (2005a) 
Mexico Flat rate Direct charge - Considering unit price method Huber et al. (1998), UNEP (2005a) 
Bolivia Flat rate Surcharge on electricity bill - Considering volume based method IADB (2003b), UNEP (2005a) 
Brazil Flat rate Direct payment - Low amount from tax is the main issue Huber et al. (1998), Look, 2009, UNEP (2005a) 
Colombia Flat rate Surcharge on utility bills - Need of increasing the recycling  Huber et al. (1998), UNEP (2005a) 
Sarmiento (2013) 
Ecuador Flat rate 10% of electricity bill - Need of increasing the recycling Huber et al. (1998), UNEP (2005a) 
Ghana Flat rate Direct user charges - Low amount from tax is the main issue IADB (2003b) 
Indonesia Flat rate Direct user charges - Low amount from tax is the main issue IADB (2003b) 
Uzbekistan Flat rate Direct user charges - Low amount from tax is the main issue IADB (2003b) 
Tanzania Flat rate  Direct payment based on 
income 
- Identified the need of increasing the 
recycling  
Kassim and Ali (2006) 
Vietnam Flat rate Direct payment - Better service quality 
- Little motivation to waste reduction 
- PAYT method was suggested 
Kawai and Osako (2013) 
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China Flat rate General tax - Lack of government incentives for 
recycling.  
- Considering PAYT method 
Zhang, Tan and Gersberg (2010) 
Malaysia Flat rate Property tax - Lack of incentives for recycling 
- Bag based method was suggested 
Afroz and Masud (2011) 
Bangladesh Flat rate Direct monthly payment - Recommended bag based charging  Nguyen (2012), Sujauddin et al. (2007)  
Thailand Flat rate Direct monthly payment - Cost recovery is below 2% 
- Low recyclable waste separation 
- Fee collection efficiency is low 
Mongkolnchaiarunya (2005) 
India Flat rate Property tax - Low amount of tax is the main issue Zhu, Asnani, Zurbrugg, Anapolsky and Mani 
(2008) 
Philippines Flat rate Direct monthly payment - Identified the need of bag method 
- Attempting pilot projects 
Bennagen and Altez (2004) 
 
Sri Lanka Flat rate Property tax - Low amount of tax is the main issue 
- Lack of incentives for recycling 
UNEP (2001b) 
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According to those studies, many countries have included waste collection fee in the 
council’s taxes (property tax, general tax) and utility bills which should be divided 
among all the basic services that it provides for the area. The waste charge is therefore 
not depending on the amount of waste. This method has the advantage of easy handling 
and constant revenue generation. However, the remarks prove the inefficiency of the flat 
rate method. A lack of incentive to reduce waste and increase recycling can be the main 
reason for the inefficiency of the flat rate method (Gellynck & Verhelts, 2007; 
Linderhof, Kooreman, Allers & Wiersma, 2001; United States Environmental 
Protection Agency, 2001). The households who dispose of large amounts of garbage 
pay the same as those whose disposal is low. Further, the share goes to waste 
management, does not cover any of the environmental or social costs associated with 
waste disposal. Particularly in many developing countries, this amount does not even 
cover the private cost of waste management to the LAs. This causes providing of an 
inefficient service by the LAs. 
 
To correct this, many countries are considering a unit-rate charge system (also called a 
“pay as you throw” or “unit pricing” method). This method creates a fair system with 
correct price signals, no limitation to the service, the flexibility of selecting the service 
level required and encouraging SSWM practices (Skumatz, 2002). In response to this 
price signal households reduce their disposal (Canterbury & Hui, 1999; Linderhof et al., 
2001). Usually, households are charged on the basis of the quantity of waste disposal 
(i.e. the weight, volume and frequency of collection), (Andersen, Dengsøe & 
Brendstrup, 1997; Dresner & Ekins, 2010; IADB, 2003b; UNEP, 2005a). According to 
Canterbury and Hui (1999), this method is environmentally sustainable due to it 
reducing waste and, consequently, the related impact of waste.  In addition it is 
economically sustainable because of the generated income and the fairness of the 
system whereby those who dispose of less waste pay less. To minimize the charge 
households can reduce their buying (minimize), or choose to compost or recycle in 
order to reduce the overall quantity of their waste disposal. According to the literature, a 
significant reduction of waste disposal has been achieved in Denmark by unit pricing 
(Andersen et al., 1997). Many communities in the Netherlands (van Beukering, 
Bartelings, Linderhof & Oosterhuis, 2009), some American municipalities (Canterbury 
& Hui, 1999; IADB, 2003b, United States Environmental Protection Agency, 2001), 
and Korea (Lee & Paik, 2011) have shown the success of unit pricing in encouraging 
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households to reduce waste and increase recycling. Lee and Paik (2011) reported DPC 
waste reduction from 2.3kg to 1.04kg in Korea as a response to unit pricing.  
 
According to Miranda and Aldy (1998), households change their behaviour as a 
response to unit pricing in two stages, namely; waste diversion and source reduction. In 
the first stage, waste disposal is reduced by diverting the waste, i.e. by recycling. In the 
second stage households adjust to produce less waste in the first place. Dresner and 
Ekins (2010) have also identified waste minimization as a second stage advantage of 
unit pricing. Volume-based and weight-based charges have become the most famous 
among all unit based charging methods. Van Beukering et al. (2009), state that both 
volume-based and weight-based charges perform well. The related examples are 
discussed under volume and weight based sections.  
 
Weight based charging system 
According to this method waste is charged on the basis of weight (i.e pound or 
kilogram). The main advantage of this method is that it gives an accurate and direct 
price signal of waste reduction by showing the actual waste disposal in units of weight 
(Enviros Aspinwall, 2000; Gellynck & Verhelst, 2007; Skumatz, 1993). As a result this 
method was found to be the most successful instrument with regard to the progression 
of collection charges (Scott & Watson, 2006) and could be properly used to internalize 
the negative impact of waste disposal (Fullerton & Kinnaman, 1995). According to this 
method, consumers induce producers to produce less packaging materials which 
therefore has an effect on the waste disposal cost (Fullerton & Wu, 1998). According to 
the literature, some municipalities in the Netherlands (Dijkgraaf & Gradus, 2004), some 
communities in the USA (Skumatz, 1991), and some municipalities in Sweden (Sterner 
& Bartelings, 1999) experienced waste reduction and an increase in waste separation 
and recycling by households as a response to the introduction of a weight-based charge.  
 
Enviros Aspinwall (2000) sees the reduction or diversion of waste from landfills as an 
advantage although identified the potential for illegal dumping as a disadvantage of 
weight based charges. On some occasions waste reduction as a result of weight based 
charges cannot be proved on the basis of an increase in recycling; this therefore 
provides an indication that there is some evidence of illegal dumping or an unreliable 
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data set (Dahlén et al., 2007; Dahlén & Lagerkvist, 2010). These factors can be added as 
a cost of this system. 
 
Furthermore, the cost of implementing this method is higher than other methods. The 
need for standard bins, with electronic chips for identification, for every household; 
advanced technology trucks with automated arms, weighing scales and a computer 
system (for billing purposes) makes the system more expensive (IADB, 2003a). The 
maintenance cost is also high because of the cost of labour and administration (billing 
costs), (Enviros Aspinwall, 2000; Skumatz, 1991). According to them, the higher 
implementation and maintenance costs associated with weight based charges are not 
worth the reduced amount of waste collection and the costs of disposal. In the light of 
this discussion, this method does not seem suitable for developing countries. 
 
Volume based System 
In a volume based charge system, the charge level is calculated based upon the total 
volume of the container (bin, can or bag) (Miranda, Bauer & Aldy, 1996; New 
Hampshire Department of Environmental Services, 1994). Even though the charge is 
not based on the actual used volume of these containers, this method also gives a direct 
price signal as a unit pricing method (Enviros Aspinwall, 2000). These studies have also 
included a bag with a special logo, tag or sticker under this method. The waste bags 
with logos, bags with tags or special bins or cans will only be collected by the waste 
collection service. In many circumstances, bags, tags or stickers are needed to be 
purchased from council offices or village shops. The bins and cans can be reused. The 
price of bags, tags or stickers covers all or part of the cost of disposal (Skumatz, 1993). 
According to a study done by United States Environmental Protection Agency (2001), 
an increasing number of countries and communities have introduced volume-based 
charges. Bolivia, Brazil, Chile, Colombia, Ecuador, Jamaica, Mexico and Venezuela 
have all had experience with this instrument (IADB, 2003b). There are different types 
of containers available with a volume based method; cans or bins, tags or stickers and 
pure bag methods, as well as their suitability for developing countries, are discussed 
below. These different container types come with different advantages and 
disadvantages when considering a developing country situation. 
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There are many debates among the studies regarding whether unit charges give an 
incentive to correct the behaviour associated with waste disposal. As discussed in 
weight based charging, due to a lack of data, in most cases the reduction of waste 
disposal cannot be completely attributed to either; unit pricing; complementary 
recycling; organic waste collection programs or illegal dumping (Dahlén et al, 2007). 
However, as discussed in previous sections, both weight based and volume based 
methods give a considerable incentive to reduce waste compared to flat rate charges. 
Dijkgraaf and Gradus (2004) and Van Beukering et al. (2009), have confirmed that, 
above all methods, both weight based and bag based methods perform well.  An 
increase in illegal dumping was traced in all volume based methods, as in any unit 
pricing method. The waste compaction carried out by households in order to reduce the 
waste volume, and hence the cost of disposal, have been seen as a problem by Gellynck 
and Verhelts (2006). However, according to Skumatz (1991), as the volume of waste is 
the key determinant in land filling, waste compaction can be negligible. 
 
The cost of a volume based method depends upon the production cost of the container 
(bin or can, bag with a tag or sticker or a pure bag method), operational costs and the 
costs of administration. With regard to the production cost, a bin or can is more 
expensive than a bag or tag/sticker. Although a tag or sticker method has a lower cost 
than the above two, it is more susceptible to be stolen and can be associated with 
various social problems. Therefore, bag method is advantageous over other methods. 
The operational cost also needs to be lowered in a developing country in order to 
provide an effective service on a lower budget. Under a bag based method, the manual 
handling of waste bags is minimal. Furthermore, bags are easy to handle by labourers as 
automated vehicles are rare in many developing countries. In addition, it is easier to put 
a bag in the collection vehicle on one occasion rather than having to put the bin back by 
the kerb. Administration costs are also a very important consideration when suggesting 
a suitable charging method for a developing country. Under the can or bin system, 
waste collectors are required to record the number of cans/bins and/or the size of them 
(different levels of cans/bins are available for different levels of usage) which results in 
higher administrative costs. This need to record under the bin method also causes 
inaccuracies with billing and disagreements from the general public. On the other hand, 
when the pre-paid bag method is used, administration costs, issues of non-payment and 
public disagreements will be lower (Skumatz, 1993; Coffey & Coad, 2010).  
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There is an increased flexibility in selecting different sizes of bags than under the can or 
bin system (Skumatz, 2002). This is important when households need to change their 
service level (waste quantity). This idea was confirmed by the New Hampshire 
Department of Environmental Services (1994) who also demanded the easy adaptability 
of this method so as to be suitable for any country. This can be used as a challenge to 
the ideas of Enviros Aspinwall (2000) and Gellynck and Verhelts (2007) who 
determined that there was no incentive to reduce waste below the level in a volume 
based system. However, because households are able to select their bag size according 
to their budget and limit their waste production, the illegal dumping of waste can be 
minimized. With a tag or sticker method, the enforcement of size limits with regard to 
bags or bins (to which a tag or sticker is attached) is difficult; this is due to the fact that 
the strength of the bags cannot be determined as households use their own bags 
(Skumatz, 1993). This is a very simple system that the general public can easily identify 
with. The bags are also conveniently sold in different sizes at, for example, village 
shops, as they have a higher stocking density than either cans or bins.  
 
According to the literature, out of all volume based methods, the bag method has 
become the most popular with a considerable reduction in waste disposal and an 
increment in recycling (Davies & O'Callaghan-Platt, 2008). It has been popular among 
developed countries such as the United States, Belgium, Switzerland, New Zealand, 
Canada, the Netherlands, Japan, Switzerland, South Korea and Taiwan (Enviros 
Aspinwall, 2000; Serret-Itzicsohn, Brown & Johnstone, 2013; van Beukering et al., 
2009). There are some success stories regarding the use of the bag based method. 
According to Skumatz (1993), in Parkasie, Pennsylvania there has been a reduction of 
59% in waste that goes to landfill sites after the introduction of the bag method in 1988. 
Dijkgraaf and Gradus (2004) have found a reduction of 21% in the waste quantity being 
reported under the bag based method in Netherlands. Taiwan was also able to reduce its 
waste disposal by a considerable amount with an increase in recycling (Chang, Liu, 
Hung, Hu & Chen, 2008). The bag method has also resulted in a 17.8% reduction in 
waste and a 26.8% increment in recycling in Korea (Hong, 1999). Unfortunately, the 
experiences of developing countries regarding any quantity based charging including 
bag based WCC were difficult to find in the literature. However, South Korea began to 
use this method since 1995 (Serret-Itzicsohn et al., 2013), before becoming an 
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industrialized country in 2000 (Chow, 2002). Further, a pilot study done in Philippines 
obtained 24% waste reduction as a response to bag based charging method (Bennagen 
& Altz, 2004). Having said that, a pre-paid bag based method was found to be the most 
suitable way of charging HSW in a developing country that had no previous experience 
of unit pricing for household solid waste. With an understanding of the strengths and 
possibilities of implementation in different charging methods, setting of a rate structure 
is discussed in the following section. 
 
 Rate structure of the WCC 2.4.4.
The rate structure is very important when designing an economic instrument. If the 
charge level is lower than the social cost that needs to be internalized, the desired goal 
cannot be achieved. Many studies found that even though the charge level of any unit 
pricing method for mixed waste is inelastic, it has a positive effect on waste reduction 
and increase in recycling (Hong et al., 1999; Kinnaman & Fullerton, 1999; Linderhof et 
al., 2001; Reschovsky & stone, 1994). Economic instrument needs to be designed as a 
behavioural changing tool as well as a cost recovery or revenue generating tool. 
However, there is a trade-off between these two outcomes. According to experiences in 
South Africa, economic instruments have become less efficient because of focusing on 
revenue generation rather than being used for behavioural change (Nahman & Godfrey, 
2010). The charge has to be set with a proper balance between these two outcomes.  
 
There are several ways of designing a rate structure. The traditional practice in setting 
the charge level is to use the average cost of waste management (Gellynck & Verhelst, 
2007; Miranda et al., 1996). Canterbury and Hui (1999, p. 12) have provided a six step 
procedure to design the rate level, namely; (i) forecast the annual quantity of waste 
expected after the charge; (ii) determine all of the waste collection services (mixed, 
recyclable, compostable); (iii) estimate the net cost (total cost minus revenue from 
recyclables); (iv) determine the cost coverage and expected revenue from the charge; (v) 
select a pricing system and calculate the rate; and (vi) adjust the charge level when 
needed to achieve the desired goal. This method seems more accurate although the data 
need is considerably higher. However, they have not specified a way of ensuring 
minimum damage by inclusion of environmental and social cost of waste management 
in determining the charge level. It is important to specify waste management 
method/methods in which the environmental and social costs are minimized. Further, 
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when there is a lack of data regarding the estimation of the expected waste quantity and 
the total expected cost, this method seems impractical for many developing countries 
including Sri Lanka. Therefore, UNEP (2005a, pp. 46) suggested using a charge level 
involving a similar situation with similar goals. Even though this has promising 
advantages for data deficiencies, a similar situation with the similar goals may be 
lacking in the real world to imitate the charge level of developing countries.  
 
Therefore, it is important to consider the total cost of waste management in order to 
ensure minimum damage to society and environment while covering the operational 
cost to the LAs hence, to maximize the efficiency (Gellynck & Verhelst, 2007; 
Kinnaman & Fullerton, 1999). The term “total cost” can be misused as “construction 
and operational cost” as the latter is readily available. Therefore, full cost accountings 
of the waste management need to be carried out (Bennagen et al., 2002). According to 
UNEP (2005a) the total cost (full cost) of waste management includes construction and 
operational cost, environmental cost and social cost. United States Environmental 
Protection Agency (1997a, p.7) detailed the full cost of waste management using 
sanitary landfilling method as upfront cost (construction), operational cost, back end 
cost (post closure care), remediation cost, contingent cost, environmental cost and social 
cost. As they defined, upfront cost consists; public education and outreach, land 
acquisition, permitting and building construction/modification. Operation cost consists 
of operation and maintenance cost, capital costs, debt service and unexpected costs. 
Back end cost consists; the costs of site closure, building/equipment decommissioning, 
post-closure care and retirement/health benefits for current employees, Remediation 
cost consists; the costs of investigation, containment, and clean-up of known releases 
and closure and post-closure care at inactive sites. Contingent cost consists; the costs of 
undiscovered and/or future releases, property damage, personal injury and natural 
resources damage. According to them, the environmental cost of waste management 
consist; the costs of environmental degradation, use or waste of upstream resources and 
downstream impacts while, effects on property values, community image, aesthetic 
impacts and quality of life were the components of social cost of waste management. In 
that sense, considering the total cost avoids as much as harmful impacts possible upon 
the environment and society, needs to be accounted for in estimating the total cost. 
When the charge is equal to marginal total cost, optimal output can be obtained (Denne, 
2005; Reschovsky & Stone, 1994). 
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However, as UNEP (2005a, p.46) stated, a huge amount of data is needed to develop 
total cost of waste management. Therefore, in order to minimize the harmful impacts 
the best available waste management method has to be followed and the total cost of 
that method has to be considered (Dijkgraaf & Vollebergh, 2003). According to 
Dijkgraaf and Vollebergh, (2003) sanitary landfilling represents the least damaging 
disposal method for waste management. Bennagen and Altez (2004), Hogg, Wilson, 
Gibbs, Astley, and Papineschi, (2006) and Skumatz (2002) considered the costs of 
sanitary land filling along with the cost of a proper waste collection service in 
calculating the total cost of waste management in order to decide the charge level.  
 
However, when the charge is higher than the marginal private benefit, a household has 
more incentive to reduce waste, sometimes by recycling and sometimes by illegal waste 
disposal (Choe & Fraser, 1999; Kinnaman & Fullerton, 1999). Households may not be 
willing to pay for the full internalized cost of damage which comes by way of a waste 
collection charge especially in developing countries (Zhang et al., 2010). For that 
purpose, Appasamy and Nelliyat (2007) and Huber et al. (1998) stated that the fee has 
to be affordable when it is being designed for developing countries. Therefore, when 
designing an EI, it is very important to combine information regarding the demand side 
as well as the supply side (total cost) in order to achieve the desired goal. As suggested 
by UNEP (2005a, p. 45), a stakeholder’s negotiated level can also be used as the charge 
level. As a way of negotiation, Afroz and Masud (2011) and Othman (2002) suggested 
obtaining the charge level for a waste bag by using total cost and demand. Demand can 
indirectly be obtained by stated preference methods in the form of WTP value as there 
is no market data for WCC in developing countries. Othman (2002) suggested using 
household WTP as a form of demand for further studies. He used both CE and CVM 
methods to obtain the WTP for an improved waste collection service. To understand the 
affordability of the households, their WTP is a very important factor to consider. 
Consideration of the WTP helps to minimize the public protests when introduction the 
charged waste collection service for the first time in a country. 
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2.5. Gaps in the knowledge 
As discussed in above sections, waste generation, separation, disposal practices; waste 
related attitudes, awareness and behavioural intentions; preference and valuation for an 
improved waste collection service are important to consider in developing a WCC to 
address the available problems in HSW sector. Several studies focussed on combining 
some of these aspects. Afroz et al. (2011) combined current waste generation, 
separation, recycling practices, and waste related attitudes among households in Dhaka, 
Bangladesh. Again, Afroz and Masud (2009) carried out a study in Kuala Lumpur, 
Malaysia by combining WTP of the households for an improved waste collection 
system (Contingent Valuation Method) and households’ perception, attitudes and 
awareness regarding waste management. Another study in Malaysia examined the 
potential impact of a bag based waste collection charge and developed a demand curve 
by creating a hypothetical situation using a sample of households and different charge 
levels (Bennagen & Altez, 2004). Othman (2002) studied household commitment for 
waste separation and recycling practices and demand for a bag based waste collection 
charge for Klang and Seremban areas in Malaysia. However, no study has combined all 
above mentioned aspects in the literature. As discussed in Section 1.5, lack of studies in 
DMMC area and Sri Lanka regarding these areas can also be considered as a gap. 
 
Further, there is a gap in combining cost of waste collection and sanitary landfilling as 
the waste management cost (hereafter referred as total cost), which ensures minimum 
damage to the society and environment, and WTP of the households, which ensures 
maximum support for the WCC, in designing a bag based WCC for HSW is not 
available in the literature.  
 
Having said that, this study aims to fill these gaps by developing a WCC with policy 
suggestion by studying current status of HSW practices, related attitudes, preference 
and valuation for improvements and cost of waste management. 
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CHAPTER 3        
Methodology 
 
The solid waste management system in the DMMC area is not efficient in economic, 
social or environmental point of view. Waste management influences society, natural 
environment, i.e. air, water and soil. In order to internalize the total cost of HSW 
management, a WCC was selected by reviewing the available economic instruments and 
their effects in other countries. Considering the households’ valuation for the waste 
collection service along with the total cost of waste management, helps to obtain the 
maximum support for WCC.  
 
The waste management system in the DMMC area is provided free of charge and, 
hence, it can be considered as a non-market good. Non-market goods are generally 
valued using revealed preference or stated preference methods. Revealed preference 
methods use human behaviour towards the non-market goods. For example, peoples’ 
expenditure on travelling to a site (beach or a park) indicates their preference or value to 
the site. Estimated travel cost function indicates utility or value deriving through 
visiting to a site. This can be revealed using a method like travel cost method. The 
second available method for valuing non-market goods is known as stated preference 
method. Distinction of this method is that it assumes a hypothetical scenario for the 
good in question. Widely used two methods under this category are CE and CVM.   
 
As discussed in Section 2.3, CE and CVM methods have different advantages in 
valuation of a public good. Households’ preference for an improved waste collection 
service was identified in this study using these two stated preference methods. The CE 
method was used to estimate the households’ preferred features of an improved waste 
collection service using identified attributes and levels. The CVM was used to obtain a 
direct valuation for the given improved waste collection service which helps to 
determine the charge level for WCC in this study.   
 
Both CE and CVM require sample surveys to collect basic information required to 
estimate appropriate utility functions. Information will be collected using a 
questionnaire survey. The main aspect of the questionnaire is well-defined hypothetical 
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situation relevant to the waste collection service. Improved waste collection service is 
very easy to explain to the general public, hence, hypothetical nature used in this study 
was not very complex. The sections of research design, survey and data analysis are 
discussed in the following sections. 
   
3.1. Research design  
This section aims to present a method for developing a WCC, which was identified as 
the most suitable instrument, along with relevant policy suggestions, to manage HSW in 
the study area. By comparing weight based charging method and different volume based 
charging methods; a pre-paid bag based method was selected as the most suitable 
charging method for a WCC for household’s solid waste in Sri Lanka. This study tries 
to fill the gap in literature by suggesting a method to develop a WCC in a developing 
country. Considering the quantitative nature of the data required for this purpose, a 
questionnaire survey including a waste quantification study was carried out using a 
sample of households who were selected from the study area. 
 
3.1.1. Developing the waste collection charge 
WCC is a simple instrument which motivates residents to reduce their mixed waste 
disposal. This instrument internalizes the cost of waste management in an efficient and 
encouraging way. The most important component in deciding the charge level is the 
consideration of the total cost of managing waste. However, the current cost of 
managing waste by LA represent only the financial cost for waste collection and open 
dumping, which is a unsustainable way of disposing waste. As discussed in the 
literature review chapter (Section 2.4.4), since estimating the total cost including social 
cost requires a large amount of cost data, which are not available in the DMMC area, 
the cost of least damaging way of waste management was assumed as the total cost of 
waste management in this study. In this regard, the operational cost of waste collection 
and total cost of sanitary landfilling method has been assumed as the total cost of waste 
management. The current waste collection cost was obtained from the DMMC as the 
total cost of waste collection. As for the total cost of sanitary landfilling, the cost data 
was obtained from the literature. The total management cost for a 5kg (which is the 
reference size considered) waste bag was calculated using the ‘total cost of waste 
collection and disposal’ and ‘the total quantity of waste’ for a given period of time.  
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To determine the charge level for a 5kg bag, other than the total cost of waste 
management, WTP has also been used from the perspective of the households. This also 
allows households to express their WTP using the CVM method for 5kg waste bag. This 
5kg size was selected to make payment instrument simple as this size is a familiar sized 
waste bag. Asking for a WTP value for 1kg is not practical as many residents use waste 
bags with a capacity of approximately 5kg. This is a standard measurement which can 
be used to calculate the charge for other sizes of bags when necessary. 
 
In determining the appropriate value for the WCC, the total cost of HSW management 
for a 5kg bag and the households’ valuation of WTP, have been used. The relationships 
were developed by modelling HSW generation, composition, waste separation and 
disposal practices, AAB related to SSWM practices, household preference and WTP 
values in order to suggest policy implications. 
 
3.1.2. Waste generation 
The total quantity of waste and the waste composition were estimated using multiple 
regression models. This helped to understand the determinants of waste generation. The 
relationship can be expressed as: 
 
      ∑     
 
                  3.1 
 
where: 
 Q = daily waste quantity (all waste types, organic waste and packaging waste) 
 Xi= independent variables 
β0 = constant term 
 βi = coefficients of the independent variables 
 ɛ  = error term 
 
The established model is:    
 
 ̂   ̂   ̂         ̂                 ̂                3.2 
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Daily HSW generation in the DMMC area was estimated using waste quantity data. 
DPC (    ) waste figure was extrapolated to the whole population (    ) by 
multiplying by population in the DMMC area using equation 3.3. 
 
                                                                                                     3.3 
 
3.1.3. Elicitation of preference for an improved waste collection service 
The households’ preference for waste associated choice options is determined by the 
utility obtained from the combination of different attributes. As explained by McFadden 
(1977), the total utility (Ui) of a choice was considered as a combination of the utility of 
observed variables (Vi) and error associated with non-observed variables (ɛi) for a 
respondent i. By including these utilities, the Random Utility model was developed to 
represent the total utility (Uij) of a given household waste collection service j for a 
respondent i. 
 
iiij VU               3.4 
 
The direct utility (Vi) from an improved household waste collection service j, derives 
from a deterministic component (strict utilities), which comes from observable features 
(collective utility of the attributes) of the service (Z) for a respondent i, and the random 
component, which comes from socio-economic (SE) variables, attitudinal features and 
other unmeasured variables (S) of the respondent i (McFadden, 1986, p.280; Karousakis 
& Birol, 2008). Therefore, the total utility of the household waste collection service 
(Uij) can be expressed as: 
 
     (      )                      3.5 
 
This function can be estimated using the multinomial logit model developed by 
McFadden (1973). As this utility depends upon the combination of different levels of 
attributes and the SE characteristics of the respondent, the most preferred option was 
revealed from the respondent. The utility from this option (Uij) is assumed to be higher 
than the utilities of all other options in the choice set (Uik) for the particular respondent 
i.  
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  ( |  )    (               )            3.6 
 
                 (               )  
  
After McFadden (1973, p.108), it can be assumed that the error terms are independently 
and identically distributed; therefore, the probability (Pi) of selecting a particular 
alternative j by the respondent i from the choice set (Ci) can be expressed as: 
 
  ( |  )  
   (   )
∑    (   )    
             3.7 
 
As a result, the response obtained from the CE question represents the respondent’ 
utility maximization point. In this study, each respondent was given a randomly selected 
choice set (from two sets) with nine choice options.   
 
3.1.4. Valuation of an improved waste collection service 
As discussed above, according to the random utility model, there is a non-observable 
part in the respondent’s preference, other than the direct utility, known as random 
variables. Therefore, the indirect utility function is developed where y is j respondent’s 
income, z is the features of the proposed change C and ɛ is an error term.  
 
      (          )             3.8 
 
Based on this, the utility (Ucj) of a respondent results in a positive WTP value A (A≥0) 
for the C change is: 
 
      (           )            3.9 
 
Using the CVM this individual utility was measured as a form of WTP. This measure of 
WTP is based on the set of explanatory factors where, Xi is the vector of variables which 
helps the respondent to make the decision (Alvarez-Farizo et al., 1999). An assumption 
was made that the respondent maximizes the utility at stated (measured) WTP value 
(Carson & Hanemann, 2005). 
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     ( )                                                                                                                3.10 
 
The distribution of the individuals’ WTP, which was obtained from the open ended 
format, was used to develop the utility function for the proposed change.  
 
    
                                                               
                                                           
                                  
                  
                                                                                                          3.11 
 
It was assumed to have a linear regression on covariates (Zj) and a normally distributed 
error term (ɛcj), so that WTP was also normally distributed.  
 
The total WTP for the given waste collection service per month was also estimated 
using equation 3.12. 
 
Total WTP = number of households X average WTP X average number of 5kg bags per 
household per month              3.12 
 
3.2. Survey 
A questionnaire survey was carried out in the DMMC area during the months of April 
and May 2012 to collect primary data on the waste practices using a sample of 
households. This survey was administered as a face-to-face survey for three reasons. 
The first reason was to facilitate the assistance that may be needed to respond to some 
of the questions (eg: CE) in the questionnaire and to support people with special needs, 
such as poor eyesight or low-literacy. As the survey questions were being read to the 
respondent by the interviewer, it provided an accurate understanding of the questions by 
the respondent and also had a chance to give further clarification of the questions if 
required. This helped to obtain accurate and complete answers compared with the other 
surveys methods.  The second reason was to obtain a higher response rate in a 
85 
 
developing country such as Sri Lanka, where most households do not have telephones 
or the internet (for mail). Finally, due to the waste measurements involved, it was 
decided that a visit would be undertaken to all the households three times during a one 
week period. Therefore, a face-to-face survey had to be undertaken and had the 
additional benefit of the above mentioned advantages, regardless of the higher cost 
involved. Before the survey, the invitation sheet, the information sheet and the consent 
form (Appendix I) were given to each selected household in order to obtain their 
consent and to fulfil the necessary ethical requirements. In the event that the head of the 
household or his/her spouse was absent at the time of the survey, a household member 
over 18 was interviewed. 
 
3.2.1. Developing the questionnaire 
The developed questionnaire has been approved by the University Ethics Committee. 
The finalized questionnaire which was developed in English was translated into 
“Sinhala” which is the native language in Sri Lanka. This facilitated the easy 
understanding of the questions by both the respondents and the interviewer (Hagos et 
al., 2012). Due consideration was given to the translation of the questionnaire and the 
wording used, as this would determine the quality of the data collected. There were five 
main sections of the questionnaire, as follows: 
 
1. Current situation of HSW 
2. AAB relating to sustainable practices 
3. Preference for an improved waste collection system 
4. WTP for an improved waste collection service  
5. SE data of the household 
 
The description of the data used in each of the sections is presented in the following 
sections. The full questionnaire is included at Appendix II. 
 
Current situation of HSW 
The questions regarding the waste separation practices, disposal practices and current 
waste collection service were included in the first section of the questionnaire. The 
questions related to the separation of the six main components (organic, paper, plastic, 
glass, metal and other) and hazardous waste were included at the beginning of the 
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questionnaire in order to explore the potential support from households for a sustainable 
waste management system. The “other” waste category was used to include rubber, 
leather, wood, textiles, coconut shells, shoes, batteries etc. These materials are not 
included with either organic waste, as a compostable category, nor with any other 
category that is able to be recycled. For example, coconut shells are usually collected in 
abundance in all households in Sri Lanka as coconut milk is a major ingredient in 
cooking and coconuts also grow in many households. The coconut shells and wooden 
items were not categorized as organic (compostable) waste in this study. In some 
households these items are used as a substitute for firewood when cooking. The 
inclusion of a separate category for hazardous waste was very important especially for 
developing countries as their poor awareness results in a minimum amount of separation 
being undertaken.  
 
The disposal methods practiced by the households for of each of the aforementioned 
materials were also revealed. The main waste disposal options available in the DMMC 
area were included as options, namely: municipal collections, private sector mobile 
collectors, recycling centres, and composting. Another option entitled “other” was also 
included in order to get an insight into the disposal practices of, for example, illegal 
dumping or minor disposal methods such as animal feeding. To understand the 
perspective of households regarding the level of a waste collection service, the 
frequency of waste collection per week (once a week, twice a week, every other day, 
daily and other), regularity of waste collection days and method of collection (door-to-
door/kerbside, vehicle, communal bin and other) were included in this part of the 
questionnaire. These features were also used to examine their effort on waste separation 
behaviour. 
 
Awareness, attitudes and behavioural intention  
Households’ AAB relating to sustainable waste management; reduction, reuse, recycle, 
recover (composting) and safe disposal were obtained in this section of the 
questionnaire. For this purpose a 5-point Likert scale method was used to develop 19 
attitudinal statements. In the Likert scale, the option “Strongly Agree” was given the 
highest value of 5 and “Strongly disagree” was given a 1.  All attitudinal statements are 
listed in Table 3.1. These statements were designed both positively and negatively in 
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order to avoid the respondent merely being able to “agree” on every statement and 
therefore to improve the reliability of the responses received. 
 
Table 3.1: Attitudinal statements used for the Likert scale method 
No. Statement  
Waste Reduction / Reusing 
1 I am aware that reducing waste is good for the sustainability of the city  
2 I would like to minimize waste by buying less packaging 
3 I am reusing materials to reduce waste   
4 There are not enough incentives for us to reuse and recycle 
Waste Recycling (separation) 
5 I am recycling waste materials which can be recycled 
6 I like it if someone collects recyclable items from my home for a fee 
7 I like to separate waste if there is a regular mobile collection for recyclable 
materials  
8 I would like to take my recyclable waste to drop-in centres 
9 I like it if the recyclable collection facilities are more frequently available in 
the city 
Waste Recovering (composting) 
10 I know how to make compost 
11 I have no time to make compost 
12 I have enough land to make compost  
13 We are making compost at home 
Environmental Concerns  
14 I am aware of the negative impact of plastic waste burning  
15 I am aware of the negative impact of the fly-tipping of waste  
16 I am aware that hazardous waste is not to be disposed of with normal waste  
17 The DMMC should offer a hazardous waste collection 
18 Disposing of waste in an environmentally friendly way is the responsibility of 
the DMMC 
19 We should protect the natural environment from waste for the sake of future 
generations 
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Preference for an improved waste collection service 
The CE method was used in order to reveal households’ preferences for an improved 
waste collection system. In this method, a hypothetical choice set with attributes and 
levels of an improved waste collection service was used. In developing CE set, the steps 
of understanding the problem, identifying the levels of the attributes and positioning the 
attributes and levels in the choice sets were used in order to develop the choice set as 
suggested by Wattage et al. (2005).  
 
The description of the current situation (as a hypothetical situation was developed) was 
developed and the attributes were identified in the step of “understanding the problem”. 
The current situation, associated issues, proposed changes and their effect, including 
social, environmental and economic, were included in the description. With regard to 
the attributes of the proposed waste collection service, suitable options and actions were 
identified (attributes) using literature and discussions with Municipal council officers.  
With consideration being given to importance and suitability, the waste mix, collection 
frequency (for both mixed and recyclable waste), method of collection and fee were 
selected as the attributes for the current study.  
 
During the second step, the considered attributes were further studied in order to 
identify the available and possible levels. The possible levels for the study area under 
these attributes were identified using literature, discussions with municipal council 
officers and pre-tests and included in the choice set. Since the current situation is not 
unique for all households in the study area, the status quo was not specified in the 
choice sets. However, different combinations of the levels may represent the current 
situation for most of the respondents.  
 
For the attribute of “Waste mix” only two levels were included, namely; source 
separated waste and mixed waste. The number of separations was kept to a minimum in 
order to obtain higher and continuous support from households. According to most 
households, the second attribute of “Waste collection frequency” was the most attractive 
attribute as it is a main determinant of the utility. However, in the DMMC area the 
waste collection frequencies vary from daily to once a week, depending on the types of 
road and other factors. The options of “daily” and “every other day” were, however not 
included in the choice set due to the municipality’s idea of their inability to offer these 
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waste collections frequencies for all households in the area. Considering these aspects, 
the current study used the options of, (a) a twice a week door-to-door collection, (b) a 
three times per week door-to-door collection and (c) communal bin options, as the 
levels. In this way, the frequency and method of waste collection are combined to 
reduce the number of attributes in a meaningful way. With the communal bin option 
households are able to put their waste in the bin at any time instead of needing to wait 
for their waste to be collected. Therefore, it was meaningful to combine the frequency 
and the collection method. The payment type in the current study was expressed as the 
monthly charge which would be willing to be paid by households for the attached 
features in the particular choice. Open ended questions were used to elicit the bid ranges 
in a pre-test, before including them in the choice options. The finalized bids were Rs.0, 
Rs.150 and Rs.300mper month. In many choice sets this was included as the last 
attribute. The finalized list of attributes and associated levels are shown in Table 3.2. 
 
Table 3.2: Selected attributes and the levels for the choice sets 
Attribute Description Levels 
Waste mix The preferred waste segregation 
method for collection  
Level 1: Mixed  
Level 2: Recyclables and non– 
recyclables 
Waste collection 
frequency and 
method 
The preferred waste collection 
frequency per week and the 
preferred method of collection 
Level 1: Twice a week at door  
Level 2: Three times a week at 
door 
Level 3: Put in a communal 
bin 
Payment Preferred monthly charge that 
households would be willing to 
pay for an improved waste 
collection service (Sri Lankan 
Rupees) 
Level 1: 0 
Level 2: 150 
Level 3: 300 
 
 
The third step was positioning the identified levels under each attribute in order to 
develop the choice sets. After identifying the attributes and the levels, the number of 
combinations can be considered as the choice options for the given situation. These 
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combinations can be presented to the respondent to obtain the preference. However, 
when the number of choices is large, it is very difficult for a respondent to compare and 
select the ideal preference. However, the possible combinations in the current study 
were 18, depending on the number of attributes and levels. Therefore, there was no need 
to reduce it in order to obtain a smaller number. These choices can be presented in two 
ways, either as “two factors at a time” or as a “full profile”. Out of these methods the 
“full profile” method was used by considering the advantage of higher predictive 
validity and realistic representation of the alternative options as discussed in Section 
2.3. To minimize the information overload the number of alternative choices were 
limited to 9, by dividing the 18 combinations (options) into two random cards (blocks). 
Further, the number of attributes was also small in number (three in this case) which 
allows to links and compare “part worth function” among the alternatives. One of the 
cards with 9 choice options was presented randomly to a particular respondent in order 
for them to select their most preferred option. Adequate time was thereafter given to 
allow the respondent to select the most preferred option. Further, in the pre-tests the 
respondents did not exhibit any difficulty in selecting their most preferred option out of 
the 9 specified options. 
 
WTP for an improved waste collection service 
This part of the questionnaire was used in order to obtain a monetary estimate for the 
waste collection service as maximum WTP for an improved waste collection service. To 
identify the features of the hypothetical waste collection service, an observation of the 
current waste collection system was needed. Further, the discussion that was had with 
the officers of the DMMC was also used for this purpose. By considering all these 
insights and minimization of the harmful impacts to the society and environment; three 
times per week door-to-door waste collection service with regular collection days, with 
efficient and convenient recyclable and compostable waste collection service was 
identified for the hypothetical situation hence for the proposed charge.  
  
In designing a CVM question, two steps were used. The description of the hypothetical 
situation and the actual elicitation process to obtain the maximum WTP were included 
in the CVM question. It was important to provide a better description of the 
hypothetical situation before asking the WTP. Therefore, care was taken to ensure that 
the description was clear, sufficient, and accurate. It began with a description of the 
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current situation and the need for a new, improved system for waste collection. This 
included details of the features of a new system, the responsible organization, details of 
how it would work, costs to be incurred and what would happen to the money collected. 
The description of the current study was presented as: 
 
“The current waste collection system is neither efficient nor environmentally 
friendly due to a lack of funds. Suppose that there was to be a new system using 
a “Pay as you throw” method, which would mean that you would have to pay 
for the quantity of mixed waste you dispose of. This method encourages 
households to reduce waste production which thereby reduces the space on 
landfill sites while financing the DMMC to provide a better service. If you are 
unable to reduce your household waste, you have to pay for the quantity of 
waste disposed of. Simply, if you reduce waste you pay less.  
 
You can reduce waste by buying less packaged items, reusing and separating 
your waste at source and disposing of them at recycling centres or via recycling 
collection services, free of charge. Food waste can be composted or collected by 
DMMC. In this way you will be able to reduce the quantity of waste disposed of 
in the mixed waste collection. However, if you choose mixed waste option, 
there is a charge. 
  
Under the new system, you will receive a regular mixed waste collection three 
times per week, compostable waste collection three times per week and a 
recyclable collection once a week at your door/kerb; with a charge for the 
service. This is a kind of pre-paid bag based charge. You need to buy these bags 
and leave your waste in them in order to get them collected by the waste 
collection service. The waste in any unlabelled bags will not be collected. The 
collected mixed waste will be deposed in a sanitary landfill in order to minimize 
the harmful impacts. The money collected from the waste collection charge will 
be used to improve environmental friendly waste management in DMMC area 
by the municipality.” 
 
For the next step of the elicitation, an open ended format was selected due to it eliciting 
the exact value of the good or service to the respondent. This was to ensure that 
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households stated their true maximum value for the disposal service, without there 
being any influence from a starting value or designed bid vectors. In that sense, the 
respondents were asked the maximum WTP for the WCC for disposing of a plastic bag 
of waste weighing 5kg. In order to minimize zero bids, especially the “do not know” 
bids, sufficient time was given to the valuation task.  Further, assistance was given to 
the respondent to understand the weight of 5kg of waste by showing the weight of their 
waste bags. This helps to get an idea of the WTP value. However, for the zero values, a 
follow up question was asked in order to understand the reason behind it.  
 
Socio-economic data  
Usually, the last section of a household questionnaire survey is aimed at collecting SE 
data. The household details gathered were: size (number of family members), income, 
type of home, ownership of the home and the amount of land. Further, age, education, 
gender, and occupation structures were also recorded. Details regarding the education 
level, gender, age and occupation of the respondents were also collected. This section 
was included at the end of the questionnaire in order to get higher attention to CE and 
CVM questions. 
 
3.2.2. Sampling  
Sampling method 
Even though selecting sample households using simple random sampling has higher 
statistical validity, it is both expensive and time consuming when homes are scattered 
over a large area, such as in the DMMC area. The absence of household members at 
home during the daytime has to be expected, especially in urban areas. Further, visiting 
a particular household three times (for waste measurement purposes), as was done in 
this study, makes this impractical. To overcome these difficulties, a systematic random 
sampling method was used in the current study. The locations (roads) were randomly 
selected and, in each selected road, surveys were carried out on every third household 
until the desired sample size was achieved. A complete list of roads in the study area 
was the sample frame in this study. Random tables were used to select the roads for the 
sample by assigning random numbers. In each selected road, first household was 
selected from random tables and thereafter every third household was selected. This 
method was carried out until the expected sample of households was selected. This 
method was effective in terms of validity, time and economics. 
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Sample size 
Households in the DMMC area were selected as the sampling units in this study as 
waste generation and disposal are a practice of all households. Therefore, it is useful to 
define the term “household” in the context of the study area. A household may be a one 
person or multi person household. Boarders and servants who share the meals or 
housing facilities with other members of the household are also considered as members 
of that household (Department of Census and Statistics, 2008). Simply, a group of 
members who share one kitchen were considered as a household. As each household 
shares a specific commitment and behaviour pattern, it is useful to study households as 
the sample unit in order to correct the waste generation and disposal problem in Sri 
Lanka. A total of 300 households (0.6 % of the DMMC population) were selected from 
the area for the survey. The size of the sample was adequate for the method of analysis 
and the sampling error associated with the estimations fit for the purpose (de Vaus, 
2001; Vidanaarachchi et al., 2006).  
 
3.2.3. Data collection 
Both primary and secondary data were used in the current study in order to develop the 
WCC, along with the policy suggestions.  
 
Secondary data 
In this study secondary data was collected using available records, primarily record 
from the DMMC, and records of waste management authority. Among others were 
secondary data on suitable definitions and cost estimations, waste management 
problems and solutions, and the uses of economic instruments and constraints. This data 
was published in journal articles, books and records.  
 
Records of the DMMC were reviewed and municipal officers were interviewed in order 
to find information on the current waste management system, including the current and 
active capacity of waste handling and the weaknesses, opportunities and constraints of 
implementing an economic instrument in the area. More importantly, the DMMC 
budget data was used to calculate the cost of waste collection whilst the sanitary landfill 
cost was obtained from Menikpura, Gheewala and Bonnet (2012). The used secondary 
data was presented in appendix III (p.226). 
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Primary data – Questionnaire data 
Prior to the questionnaire survey, pre-testing of the questionnaire was carried out using 
20 households in the study area. The idea of the pre-test was to improve the questions 
and answer options as well as to find out the time that it would take to complete the 
questionnaire. The questionnaire was modified based on the results of the pre-test. The 
wordings of some of the questions in the translated questionnaire were corrected in 
order to avoid any ambiguity. Furthermore, options for answers were also changed.  The 
pre-test was important in order to analyse the CE question on final bid ranges and the 
CVM question regarding the easiness of revealing a value in the open ended format. 
The selected team members were given one day’s training on how to obtain consent 
from households, obtain the maximum co-operation from households for the survey, 
handling the questionnaire and weighing the waste bags.  
 
Primary data – Waste quantification data 
As part of data collection, waste generation data was collected from a sample of 
households in order to estimate HSW generation. Waste generated by households and 
disposed of through the municipal collection was only considered due to its magnitude 
and harmful impact on society. Other disposal practices, such as disposing in recycling 
centres, composting, and private recyclable waste collectors were considered as 
sustainable practices and, hence not included in this study. The waste measurements 
were carried out for a period of one week in order to include most of the variance of 
waste generation within a household. The waste measuring period began from the first 
day on which the questionnaire survey was completed.  
 
Other than waste quantification, it was also necessary to understand waste composition 
due to the fact that recycling possibilities and waste collection service improvements 
can be justified on the basis of waste composition. When the number of waste types 
considered in a characterising study is high, they become time and labour intensive to 
separate and, hence, receive less support from households. However, when considering 
the waste collection methods and recycling possibilities regarding waste, it is important 
to quantify at least organic and recyclable waste quantities. Therefore, the categories of 
organic, paper, plastic, glass, metal and other waste were considered in this study. The 
households in the sample were asked to separate waste into six categories i.e., organic, 
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paper, plastic, glass, metal and other. The waste types in these categories are described 
in Table 3.3.  
 
Table 3.3: Waste types fall under different waste categories 
Category Waste types 
Organic waste Kitchen waste and yard waste 
Paper / Cardboard Newspapers, writing paper, magazines, books, cardboard 
boxes, food and drink wrappers, lids etc. 
Polythene / Plastic Bags, packaging, solid plastic items, pens, bottles, toys etc. 
Glass Glass pieces, glass bottles (without metal or plastic lids) 
Metal Aluminium cans, vehicle parts, appliances, equipment etc. 
Other Textile, wood, ash, dust, rubber, leather, coconut shells, 
shoes, baterries (anything which is not included in the above 
five categories) 
 
After the questionnaire survey, households were given eight labelled garbage bags 
(three for organic waste and one for each of the above categories) with clear guidance 
for undertaking waste separation. The organic waste was measured in the middle (4th 
day) of the week to avoid odour and pest problems hence less participation for the 
survey by the households. At the end of the week all waste types were measured 
(including the remaining organic waste collected after the first measurement). Weighing 
scales were used to gauge the weight of the garbage bags containing different types of 
waste in the sample. Selected measuring scales were capable of measuring a minimum 
of 1 gram. The results were recorded separately for each household in the sample. 
 
In the process of primary data collection, there were some issues in sample selection 
and waste measurements. In sample selection, when there is not any one in a particular 
third household or they are not willing to participate in the survey, the next household 
was selected instead. Further, only a few sample households had done some mistakes in 
separating their waste according to the categories. In that case, interviewers had to 
separate them.   
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3.3. Data Analysis 
This section explains the different methods of analysis used for waste generation data, 
namely; AAB data, preference data and WTP data. The “IBM SPSS Statistics 20” 
software and SAS software were used for the analyses.  
 
3.3.1. Current situation of HSW 
The questionnaire data analysed under quantity and composition of waste, waste 
separation practices and disposal practices are considered in this section. The total waste 
generated within a week was transformed into daily household (DH) waste generation 
and daily per capita (DPC) figures before the analysis. The basic patterns were 
identified using descriptive statistics. Inferential statistics such as correlation and 
regression models were used.  
 
Regression analysis was to estimate the linear relationships for selected variables in 
order to obtain the determinant factors affecting waste generation. The Pearson 
correlation coefficient in correlation analysis was used prior to regression analysis in 
order to understand the relationship between waste generation and household 
characteristics. Further, correlation analysis was used to check the inter-relationship 
among the predictor variables. Multiple Regression analysis is unable to develop a 
correct relationship when the bivariate correlation among any two independent variables 
is more than 0.70 (Tabachnick & Fidell, 2001). Therefore, after checking the 
independent variables for the inter-correlation, the Ordinary Least Square regression 
method was used by assuming a linear relationship between the waste quantity and 
independent variables. The developed models were improved by dropping the 
insignificant independent variables and thereafter rerunning.  
 
The quantity of waste generated, composition and waste separation were considered as 
the dependent variable in the developed regression models. The gender, age, education, 
occupation, number of people in the household, income of a household, ownership of 
the home, extent of land area and characteristics of waste collection service were 
considered as independent variables. The waste quantity belonged to the ratio scale 
whilst all other independent variables fell under both nominal and ratio scales.  
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In the developed regression models, standard criterions R2, F and t tests were used to 
test the significance of results. The R2 value is the squared multiple correlation 
coefficients which shows the relationship between dependent and independent variables. 
In order to explain the predictive capacity of the regression models, F test was used. The 
t-statistics were used to examine the significance of the correlation coefficients of the 
independent variables (β) estimated.  Multicollinearity refers to the presence of highly 
inter-correlated predictor variables in developed regression models. The condition index 
values less than 30 were considered which determine the models have no serious 
multicollinearity problem.  
 
3.3.2. Awareness, attitudes and behavioural intentions 
Principal component analysis was used to summarize large sets of attitudinal statements 
with Likert scale measurement into meaningful groups. Only the statements with higher 
loadings were considered, whilst ignoring the others. The variances in the responses 
were used to group the statements into several components. The component with the 
largest variance explained was considered as the first component. The loading 
(statements) of the components were used to determine the relationships among 
different attitudes and behaviours.  
 
In order to extract the components from the 19 attitudinal statements (S1-S19), Kaiser’s 
criterion (after Kaiser, 1970, 1974), Bertlett’s test (after Bertlett, 1954), scree test, and 
parallel analysis were used as suggested by Pallent (2005). The KMO measure was used 
to check the sampling adequacy whilst the Bertlett test was used to check the strength of 
the relationship among the statements in order to examine the factorability of the 
statements. The total variance explained the number of extractable components by 
checking their eigenvalues (over 1). The scree plot, which was drawn using the 
eigenvalues, was then used to determine the number of components that could be 
retained. Further, the resultant eigenvalues were compared with the random eigenvalues 
generated by the Monte Carlo Parallel Analysis in order to finalize the number of 
components to be retained as suggested by Pallent (2005). As suggested by Costello and 
Osborne (2005), components with less than three statements are considered as weak 
whilst components with five or more statements are considered as strong. Again, the 
Direct Oblimin rotation and Varimax rotation methods were used to minimize the cross 
loadings of the statements on different components to ensure easy interpretation.  
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3.3.3. Preference for an improved waste collection service 
The descriptive statistics were used in order to obtain a better understanding of the CE 
data, prior to the actual analysis using regression methods. The multinomial logit model 
was developed using Cox regression procedure in SAS software for analysing the 
probability of selecting a particular choice alternative. The significance of the model 
was checked using the Likelihood ratio, Score and Wald statistics and the Global null 
hypothesis. The resultant maximum likelihood estimates of the model and equation 3.7 
(Section 3.1.3) were used to estimate the probabilities of selecting a particular option 
from the choice set.    
 
3.3.4. WTP for an improved waste collection service 
The WTP results obtained from the open ended format of CVM and SE data were used. 
The descriptive statistics were computed using SPSS software in order to obtain the 
average, minimum, maximum and frequency values of WTP among different income 
categories.  
 
Inferential statistics were used to determine the relationships and the determinant 
factors. Correlation analysis was used to understand the relationship between WTP and 
the independent variables. These relationships were used to identify the independent 
variable which could be used for the regression analysis. To model the relationship 
between WTP and the explanatory variables, an Ordinary Least Square regression 
analysis was used. The WTP values were also aggregated to estimate the total economic 
value of the suggested improved waste collection system for the DMMC area.  
 
3.3.5. Validity and reliability. 
Validity and reliability of the methods used were ensured in this study. According to 
Kealy, Montgomery and Dovidio (1990), validity is the accuracy of the method used 
and the results obtained from a particular measuring technique. This helps to estimate 
the true value with minimum bias. Content validity, convergent validity and theoretical 
validity were considered in this study.  
 
This is very important, especially in stated preference valuation methods. As Marquina 
(2007) suggested, the content validity of the CVM and CE methods were ensured by 
carefully designing the questions (hypothetical situation, attributes and levels) and 
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providing sufficient description of the situation. Further, pre-tests were carried out to 
improve the meaningfulness of the questions of all the methods used in order to 
minimize the ambiguity.  
 
According to Mitchell and Carson (1989) and, Sekaran (2003, p.207), convergent 
validity can be checked by using different elicitation formats. For this purpose, a result 
obtained from the CVM was compared with the result obtained from the CE method. 
Other than the direct WTP value obtained in CVM, CE also provides an indirect value 
(monthly fee) for the households for a waste collection system with preferred attributes 
and levels. Using the waste generation (per household per month) results, which were 
collected from the waste quantifying study of the sample and the CE results, another 
valuation figure can be developed for the WCC (per 5kg). Using both CE and CVM 
helps to identify the households’ preferred service details and willingness to pay values 
in different ways. These direct and indirect valuations and the modelling results of CE 
and CVM are considered as validating the WTP value. Further, households’ AAB for 
sustainable practices obtained using the Likert Scale was also used to validate the 
results obtained from CVM and CE.  
 
In order to ensure theoretical validity, regression models were used to check the 
explanatory power of the models hence the measuring techniques in which data 
collected from (Carson & Hanemann, 2005). The relationships were developed by 
modelling the WTP values with explanatory variables in order to validate the results.   
 
According to Sekaran (2003), reliability is the degree of reproducibility, measuring the 
precision of a method used, or the variation of outcomes of an experiment carried out in 
different settings. Reliability was also defined as the consistency of the results (Kealy et 
al., 1990). As suggested by Hanley et al. (1998) and Carson and Hanemann (2005), 
testing of the convergent validity of CVM also assesses the reliability. In light of that, 
reliability was also checked by comparing the CVM and CE results. 
 
3.3.6. Developing the charge level 
To develop the charge level for a 5kg waste bag, both the total cost of waste 
management and the households’ WTP value obtained from the CVM were considered. 
It was assumed that the costs of waste collection and waste disposal, using the sanitary 
100 
 
land filling method, would be equal to total cost of waste management, as this method 
minimizes the social and environmental cost of waste to a desired level. Therefore, the 
secondary data relating to waste collection and the disposal cost of using the sanitary 
land filling method was used to develop the total cost per 5kg bag of waste.  
 
The cost of waste collection per 5kg of waste was calculated using the DMMC cost 
figures estimated for 2014 budget (Dehiwala – Mt. Laviniya Municipal Council, 2013). 
For this purpose, the unit cost (kg) of waste collection was divided by the quantity of 
waste collected. The cost figure obtained based on the current waste collection level 
which, as previously discussed, does not cover the total cost of waste collection due to 
lower collection coverage. However when converting this to per unit waste collection 
cost, it represents a closer value to the actual value of the collection cost of waste. 
Again, lower collection frequency and the lack of recyclable collection services means 
that this value still does not represent the true cost of waste collection to society. By 
considering the availability of data, the current cost of waste collection was used to 
represent the true cost of waste collection in this study. This unit cost figure (per kg) 
was converted to 5kg in order to represent the waste collection cost per bag.  
 
With regard to the disposal cost, the total cost of sanitary landfills needs to be 
considered. As there are no proper sanitary landfills being operated at the moment, 
obtaining a disposal cost was problematic. Therefore, the estimated total cost figure for 
sanitary landfill with regard to Sri Lankan situation by Menikpura et al (2012) was used 
as the total cost of waste disposal. The total disposal cost figure (per tonne) was 
converted to 5kg in order to represent the waste disposal cost per bag. 
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CHAPTER 4 
Results and Discussion 
 
The main aim of this study was to design a waste collection service charge (WCC) by 
considering the total cost of HSW management and WTP of households for an 
improved waste collection service. Policy makers are able to use this information to 
design a sustainable waste management policy for the HSW sector. The WCC was 
found to have a promising advantage of raising revenue for the LAs to provide a better 
service, whilst reducing the waste load to a manageable level by encouraging SSWM 
practices among households. This research further attempt to develop policy 
suggestions by revealing the current status of waste generation, composition, separation 
and disposal practices, current waste collection service, waste related AAB, preferences 
and valuation for an improved waste collection service.  
 
4.1. Socio economic data of the sample 
Since the household represent sampling unit of this study, it is very important to 
understand the socio economic characteristics of the households. Following figures 
represent the descriptive statistics of the households in the sample.   
 
 
Figure 4.1: Family size of the sample (number of members) 
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Figure 4.2: Income distribution of the sample 
 
 
Figure 4.3: Number of members been occupied 
 
 
Figure 4.4: Number of members with A/L or higher education 
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Figure 4.5: Land amount (Perches) belongs to households  
 
Family size is an important in determining waste quantity of a household. According to 
the results (Figure 4.1), majority of the households contain 2-5 members. However, the 
reason for about one fourth of the households have members more than 6 is subletting 
some rooms for out siders to earn some extra income. Household income determines the 
economic power of a particular household hence it is impotence to consider in designing 
a waste collection charge. Regarding the income of the household, mean monthly 
income is Rs.34210 with standard deviation of Rs.20873.2. As the figure 4.2 shows, 
about half of the sample households’ monthly income is less than Rs.30,000.00. About 
another 40% has the income of Rs.30,000-60,000. Only 0.3% of the sample households 
are below the national poverty line of Rs.1423.00/month/capita (Department of Census 
and Statistics (2011). In order to understand the financial strength of a household for 
waste generation and spare time do engage in waste separation practices, number of 
people of a particular household is being employed is a good indicator. In majority of 
households’ one or two people are doing jobs (Figure 4.3). The percentage of family 
members with Advanced Level or higher education (college or university), is important 
to relate their environmental knowledge, attitude and sustainable behaviours. As shown 
is figure 4.4, majority of the sample households has 40-80% of the members with 
Advanced Level education. However, environmental education was a new concept in 
education curriculum in Sri Lanka. Land amount belongs to a household is useful to 
understand the possibilities of citing a compost bin. According to the figure 4.5, on 
average a household belongs 10.38 perches (standard deviation = 7.62 perches). More 
than 60% of the households in this sample belong only a less than 10 perches. This can 
be a sign of low possibility to cite a compost bin hence need of a convenient organic 
collection service to encourage organic waste separation. Therefore, these variables are 
useful to relate with waste generation, separation and disposal practices of the sample 
households.   
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4.2. Current status of HSW 
4.2.1. HSW quantity 
All the waste types measured during the one week period were used to obtain the 
average DH waste generation. The average value of DH waste generation in the DMMC 
was 1.7833kg with a standard deviation of 0.7061. This result is compatible with the 
results of previous studies, for example 1.29kg in Manmunai, Batticaloa in Sri Lanka 
(Sivakumar & Sugirtharan, 2010), 1.85kg in Moratuwa, Sri Lanka (Bandara et al., 
2007) and 1.3kg in Chittagong, Bangladesh (Sujauddin et al., 2008). 
 
Other than the DH waste generation, the DPC waste generation also provides some 
insight into the waste generation patterns in a particular area. This helps the LAs to 
make estimations in designing waste management systems. For this purpose, the DPC 
waste generation was calculated by dividing the DH waste generation by the number of 
people in the household. The average DPC generation of all waste types was 404.5g for 
the DMMC area. The range varies from 192g to 721g due to the disparity of income 
levels among households; the standard deviation was 112.5g. According to the 
literature, the DPC generation findings for different areas in developing countries 
ranged from 0.12kg in Oyo, Nigeria (Afon & Okewole, 2007) to 0.82kg in Nablus, 
Palestine (Al-Khatib et al., 2010). The findings of the other studies in this range are 
285.28g for the Mekong-Delta city in Vietnam (Thanh et al., 2010), 0.25kg for 
Chittagong in Bangladesh (Sujauddin et al., 2008), 497.3g for Kathmandu in Nepal 
(Dangi et al., 2011), 0.23kg for Beijing in China (Qu et al., 2009), 0.21kg for Cape 
Haitian city in the Republic of Haiti (Philippe & Culot, 2009), 0.25kg for urban areas in 
Bhutan (Phuntsho et al., 2009), 0.34kg for Olongapo City in the Philippines (Bennagen 
& Altez, 2004), and 0.67kg for Chihuahua in Mexico (Gomez et al., 2008). The finding 
for the DMMC was close to the results of other studies undertaken in Sri Lanka, for 
example, 421.7g for Moratuwa (Bandara et al., 2007) and 0.31kg for Manmunai, 
Batticaloa (Sivakumar & Sugirtharan, 2010) although they were higher than the 
findings for the Southern province of Sri Lanka which was 0.26kg. The resultant 
variations can be attributed to levels of urbanization, lifestyles and many other factors 
specific to particular areas. 
 
The estimated DPC waste generation figure of 404.5g was extrapolated to the whole 
population using equation 3.3 (Section 3.1.2) as 73,921.16kg per day. This figure helps 
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policy makers to improve HSW management. It is important to keep the properly 
estimated and updated figures of the quantities of HSW for all LAs in order to ensure a 
deeper understanding of the situation and, hence provide a better waste management 
service. 
 
4.2.2. Determinants of HSW quantity 
In addition to the quantification of HSW, it is essential to model waste generation in 
order to understand its determinants and thereafter design policies to reduce it. The 
correlation analysis was used to understand the independent variables predicting the 
waste quantity. Thereafter linear regression analysis was used to find the relationship 
between waste generation and SE variables. Some of the independent variables were 
dropped from the model during the second run as they were deemed to be insignificant. 
The resultant model is presented in Table 4.1. The results indicated that 67.7% of the 
variance of the DH waste generation explained by the model. As suggested by the F 
value, the model was significant (p<0.1%). As the correlations among the independent 
variables were lower (a condition index of less than 30), there is no multicollinearity 
issue in the estimated model.  The two independent variables in the model, namely; the 
income of a household (monthly income) and household size (number of members in 
the family), were significant as suggested by the t test. According to the results, while 
holding other factors constant, a 1% increase in the monthly income of households 
contributed to a 0.015% increase in the quantity of DH waste, whilst a 1% increase in 
the number of household members contributed to a 249.60% increase in DH waste 
quantity.  
 
Table 4.1: DH waste generation model 
Variables  ̂ value t value 
Constant 139.57** 2.003 
Monthly income of a household (Sri Lankan Rupees) 0.015*** 13.029 
Number of people in the household 249.60*** 19.367  
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variable = DH waste quantity (g) 
Adjusted  R2 value = 0.677 
F value = 314.4, P<0.01 
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The regression model for DPC waste quantity, along with the monthly income of a 
household, the household size and the education level of the household (the percentage 
of people having Advanced Level or a higher level of education) is reported in Table 
4.2. This model was developed by dropping the insignificant predictor variables. This 
model explained 46% of the variation of waste generation significantly (P<0.01). This 
model was free of the multicollinerity problem, as the condition index value being less 
than 30. According to the results, a 1% increase in monthly income and the education 
level of the household contributed to increases of 0.003% and 0.347% respectively with 
regard to the quantity of DPC waste. A 1% increase in the number of household 
members resulted in a 25.03% decrease in the quantity of DPC waste with other factors 
constant. The F value of the model suggests that the estimated model is significant. 
 
Table 4.2: DPC waste generation model 
Variables  ̂ value t value 
Constant 400.89*** 25.349 
Monthly income of a household  0.003*** 12.097 
Number of people in the household -25.03*** -9.247 
Education level of the household  0.347** 2.239 
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variable = DPC waste quantity (g) 
Adjusted  R2 value = 0.460 
F value = 85.85, P<0.01 
 
These two models illustrate the influence of these independent variables on waste 
generation. As indicated by the results, both DH and DPC waste quantities were found 
to be significantly and positively affected by household income. Other relevant studies 
have also supported the finding that the income factor of a household has a significant 
and positive relationship with the generation of both DH waste (Afon & Okewole, 
2007; Afroz et al., 2011; Dangi et al., 2011; Dennison et al., 1996a; Hong, 1999; 
Philippe & Culot, 2009; Sivakumar & Sugirtharan, 2010; Sujauddin et al., 2008) and 
DPC waste (Bandara et al., 2007; Haider et al., 2013; Hong, 1999; Sujauddin et al., 
2008; Thanh et al., 2010). According to those studies, the higher the income of a 
household, the higher its purchasing power and this can be the reason for income being 
a positive influence on the quantity of waste. A study undertaken in Haiti, Philippe and 
Culot (2009) further explained this relationship by linking the positive correlation to the 
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disparity of the number of meals consumed per day by rich and poor people. This 
relationship was slightly different in China where middle income households were 
found to be the highest waste generators (Qu et al., 2009). This was explained on the 
basis that middle income families have both favourable income and time to buy more 
compared to the other two income groups.  
 
As found in this study, the positive relationship between the number of household 
members and the quantity of DH waste was also supported by previous studies (Afon & 
Okewole, 2007; Afroz et al., 2011; Bandara et al., 2007; Dennison et al., 1996a; Haider 
et al., 2013; Hong, 1999; Sivakumar & Sugirtharan, 2010; Sujauddin et al., 2008; 
Vidanaarachchi et al., 2006). The increased amount of consumption can be explained by 
the higher number of people living in the household. However, when it came to DPC 
waste it showed a negative relationship; this was widely reported in the literature 
(Bandara et al., 2007; Dennison, Dodd & Whelan, 1996b; Haider et al., 2013; Mani et 
al., 2005; Benitez et al., 2008; Qu et al., 2009). This was described as the “common 
consumption” of the household by Qu et al. (2009). As households operate as a unit, 
most of the food items are shared and therefore less food trimmings, leftovers and 
packaging waste. This makes the quantity of waste generated by a person in a large 
family lower than that of a member in a small family. This raises the point that not only 
DH waste but also DPC waste is a good indicator in waste generation studies.  
 
The resultant positive relationship between the level of education and the quantity of 
DPC in this study was supported by Qu et al. (2009). Afon and Okewole (2007) and 
Sujauddin et al. (2008) further reported this with regard to DH waste. The ability of 
those with a higher education to get a better job with a higher salary can be the reason 
that they have a higher level of income to buy more goods and, hence, develop more 
waste. However, to show the effect of the environmental consciousness that goes with a 
particular level of education, as expected generally, the relationship has to be negative 
with the quantity of mixed waste. Benitez et al. (2008) obtained such a negative 
correlation in their study conducted in Mexicali, Mexico. Since, the households were 
asked to separate their waste for this study, their separation practices cannot be revealed 
by the waste quantity. Therefore, in order to evaluate the effect of education on 
environmental friendliness, waste separation practices should be revealed, as discussed 
in Section 4.2.5. 
 
108 
 
Even though the variables such as the amount of land and the number of people 
employed were not included in the above models as they were not deemed to be 
significant, the correlation analysis proved their effect on waste generation. There was a 
significant and positive correlation between the amount of land and both the quantity of 
DH (r =0.123, P<0.05) and DPC waste (r = 0.115, P<0.05). Afroz et al. (2011) reported 
the same relationship in their model. According to the current sample, the amount of 
land per household was not large, and ranged between 1.5 and 48 perches, with an 
average amount of 10 perches. This positive correlation can be due to the addition of 
garden waste into waste bins.  
 
According to the correlation results, the percentage of people employed in a household 
significantly and positively affected the quantity of DPC waste (r = 0.221, P<0.01). 
Bandara et al. (2007) also discovered this relationship in their study undertaken in a 
neighbouring municipality to the study area. Afon and Okewole (2007) reported a 
positive correlation with DH waste in Nigeria. In an urban setting, it can be expected 
that a higher number of people in a household will be working. This means that they 
have more money to spend. This will result in the purchase of more goods, especially 
shop bought meals with packaging and, due to their economic power, more food waste. 
A lack of time to separate waste can causes a larger quantities of waste to be disposed of 
by way of municipal collection. In order to understand the effect of lack of spare time, 
waste separation practices should be revealed. 
 
4.2.3. Composition of HSW 
The physical weight of waste varies according to its composition. The weight was 
calculated for each of the six waste categories. Table 4.3 presents relevant statistics 
regarding DPC waste composition under six categories. The largest percentage of waste 
was organic, with the lowest being glass waste. HSW composition is different from 
place to place and represents the living standards of households in the area. The 
category of “other” waste also had a large percentage and was only second to organic 
waste.   
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Table 4.3: Composition of daily household solid waste  
Waste Types N Mean(kg) Percentage Std. Deviation 
Organic 300 343.07 85.6 89.55 
Paper and cardboard 300 19.98 4.9 11.94 
Polythene and plastic 300 11.75 2.8 10.86 
Glass 300 2.99 0.7 6.37 
Metal 300 3.83 0.9 8.13 
Other 300 22.90 5.1 27.19 
Total  300 404.52 100.0 112.55 
 
Waste composition provides an insight that helps to improve the sustainability of waste 
management. According to the findings of the composition in the DMMC area, about 
95% of the HSW, which are ended up in landfills can be recovered using recycling and 
composting. The composition of waste may not be the same for all countries and 
situations. Therefore, the composition reported in this study (Table 4.3) was compared 
to that of different countries (Table 4.4).   
 
Table 4.4: Waste composition (%) in developing countries 
Country Area Org Paper Plastic Glass Metal Other 
Vietnam1 Mekong-Delta  80.0 4.7 6.3-7.1 0.7-1.0 0.5-0.7 0.9- 1.4 
Bangladesh2 Chittagong 62.0 3.0 2.0 5.0 9.0 3.0 
Nepal3 Kathmandu 71.0 7.5 12.0 1.3 0.5 7.9 
Nigeria4 Oyo <----75.4----> 11.4 <-------5.9-------> - 
China5 Beijing 69.3 10.3 9.8 0.6 0.8 2.7 
Republic of 
Haiti6 
Cape Haitian 
city 
65.5 9.0 9.2 5.8 2.6 7.9 
Bhutan7 Urban areas 62.2 15.2 13.1 2.7 0.7 6.1 
Mexico8 Chihuahua 48.0 16.1 11.9 5.9 2.4 16.0 
Palestine9 Nablus 65.1   9.1  7.6 2.9 2.8 5.4 
Ethiopia10 Addis-Ababa 70.0 <-----------------------30.0-------------------------> 
Sri Lanka11 Moratuwa 90.0 5.0 3.0 2.0 1.0 - 
Sri Lanka12 Manmunai 87.9 3.6 1.8 2.1 2.1 - 
 
Sources: Thanh et al., 20101, Sujauddin et al., 20082, Dangi et al., 20113, Afon & 
Okewole, 20074, Qu et al., 19995, Philippe & Culot, 20096, Phuntsho et al., 20097, 
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Gomez et al., 20088, Al-Khatib, 20109, Arnold, 199510, Bandara & Hettiarachchi, 
201011, Sivakumar & Sugirtharan, 201012 
 
Organic waste was the major component of HSW in most developing countries, 
including the DMMC area. However, the percentage varies in different countries and 
areas due to the changes in lifestyle, food patterns and the amount of land belonging to 
individual households. Finding of 85% in this study is in line with the results of 
previous studies (Table 4.4) and especially close to the two studies carried out in Sri 
Lanka. However, by comparing these findings the study undertaken in Ireland showed a 
lower organic percentage of 45% (Dennison et al., 1996a). The higher level of organic 
waste present in the mainstream waste of developing countries can be diverted from 
landfills by composting; this is at a minimum cost to the households. 
 
Most packaging materials found in the waste stream, for example, paper, plastic, glass 
and metal, have higher recycling potentials (Coffey & Coad, 2010; UNEP, 2009). 
However, the recyclability depends upon the quality of the materials, the technological 
status of the country and other additional factors (Troschinetz & Mihelcic, 2009). To 
improve the quality of recyclable materials, sorting at household level is extremely 
important. Paper and cardboard were found to be the largest type of packaging waste in 
the DMMC area. The sources of this waste category are newspapers, wrappers, boxes, 
used text books and other printed materials. Notwithstanding that this waste is reused by 
households in developing countries it is often the case that the recyclability of disposed 
waste remains high. The results obtained for the DMMC area fall within the findings of 
the previous studies reported in Table 4.4.  
 
It is useful to separate recyclable waste from mainstream waste, especially in 
developing countries. Firstly, this is in order to earn income and, secondly to save the 
landfilling capacity in urban areas. However, recyclable collection facilities are minimal 
in those countries due to financial barriers. According to Thomas (2004), kerbside 
recyclable collection services can be implemented cost effectively when the recyclable 
waste quantity is higher. As the results show, approximately 10% of the waste in the 
DMMC area is represented by packaging waste. Therefore, these findings can be used 
to justify the need for a cost effective kerbside recyclable waste collection service in an 
area where financial constraints are hindering the waste management system. 
 
111 
 
4.2.4. Determinants of the composition of waste  
The generation of different categories of waste were also modelled with the SE 
variables of the households, in order to understand the relationships. Studying these 
relationships is useful in planning waste collection and disposal methods. The 
generation of all packaging waste types including; paper and cardboard, polythene and 
plastic, and glass and metal were showing similar correlation patterns with the SE 
variables of the households.  As a result they were added to form a new variable called 
“Packaging waste”. The “Packaging waste” ensures easy communication with the LAs 
who are in charge of designing a recyclable waste management plan. The regression 
analysis was used to model the quantity of both organic and packaging waste. Prior to 
the regression model, the correlation analysis was used to understand the variables 
affecting the composition of waste. The developed regression models were re-run by 
dropping the insignificant independent variables to improve the models. 
 
Determinants of the quantity of organic waste 
The developed regression model for DH organic waste (Table 4.5) has explained a 
61.2% variation of DH organic waste generation using household income and 
household size. Having a higher F value and significant p value (P<0.01) means that the 
developed model sufficiently explains the relationship between DH organic waste 
generation and the predictor variables. The multicollinearity problem was not observed 
in the model due to it having condition index values lower than 30. According to the 
DH organic waste model, while holding other factors constant, a 1% increase in 
household income and a 1% increase in the number of household members contributed 
to a 0.009% increase and a 225.7% increase respectively in the quantity of DH organic 
waste. 
 
The DPC organic waste model (Table 4.5), which contains income of a household and 
number of people in the household, explained 28.4% of the variance of significantly 
(P<0.01) and sufficiently. There was no multicollinearity problem (condition index less 
than 30). According to this model, while holding other factors constant, a 1% increase 
in household income was responsible for a 0.002% increase in the quantity of DPC 
organic waste and a 1% increase in the number of household members caused an 
18.27% decrease in DPC organic waste. These relationships provide insights into 
household organic waste generation in order to find solutions to the HSW problem. 
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Table 4.5: DH and DPC organic waste generation models 
Variables  ̂ value (DH) t value  ̂ value (DPC) t value 
Constant 187.8*** 2.883 361.43*** 27.478 
Monthly income  0.009*** 8.330 0.002*** 9.009 
Number of people  225.7*** 18.729 -18.27*** -7.511 
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variables = DH and DPC organic waste (g) 
Adjusted  R2 values; DH = 0.612, DPC = 0.284 
F value; DH = 236.93, DPC = 60.4 
 
The observed positive sign of household income variables in DH and DPC organic 
waste models were similar to the findings of Bandara et al. (2007) and Thanh et al. 
(2010). The higher buying power of an affluent household results in the buying of more 
food items and, hence, more waste. The negative correlation between the quantity of 
DPC organic waste and household size was similar to the findings of relevant studies 
(Bandara et al., 2007; Qu et al., 2009; Thanh et al., 2010). This can be explained as the 
common consumption as described in DPC total waste. 
 
Other than the variables in the regression model, correlation analysis was able to show 
the effect of additional variables on the quantity of both DH and DPC organic waste. 
Positive correlations were obtained for the amount of land and both DH (r = 0.121, 
P<0.05) and DPC organic waste (r = 0.117, P<0.05). The reason for these correlations 
could be the adding of more yard waste to the waste collection service. This finding 
coincides with the above discussed positive correlation between the quantity of waste 
and the amount of land. Having an extra land area can be considered as a success factor 
regarding household composting. Adding yard waste in to compost bins is needed for 
successful composting (Ferrara, 2008).  
 
The resultant positive correlation between the job percentage (r = 0.143, P<0.05) of 
household members and the quantity of DPC organic waste can be explained by the 
economic power coming from jobs. This may also be due to lack of spare time for 
composting household waste. However, waste separation practices have to be studied in 
order to understand the effect of jobs in waste separation as in Section 4.2.6. Bandara et 
al. (2007) discovered similar relationship in relation to Moratuwa, Sri Lanka. The 
positive correlation discovered between the quantity of DPC organic waste and the 
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education level (r = 0.240, P<0.01) also coincides with the economic power previously 
described in relation to quantity of total waste. The ability of those with a higher 
education to get a proper job with a higher salary can be the reason for this correlation. 
Qu et al. (2009) also supported this argument using correlation results.  
 
Determinants of the quantity of packaging waste 
As presented in Table 4.6, the DH packaging waste regression model explains that 
58.2% of the variance in the generation of waste packaging uses the variables of income 
and household size. The model was also free from the problem of multicollinearity. The 
model and the independent variables were significant (P<0.01) and sufficient in order to 
explain the relationship (F value = 209.32). A 1% increase in a household’s monthly 
income and the size of the household (number of household members) increased the 
quantity of DH packaging waste by 0.003% and 15.43% respectively. 
 
The DPC packaging waste model (Table 4.6) described 47.0% of the variances 
sufficiently (F value = 89.28) and significantly (P<0.01) using income, education level 
and household size. All three independent variables were significant at the 1% level. 
There was no multicollinearity problem within the model. The quantity of DPC 
packaging waste was increased by 0.001% and 0.139% respectively in response to the 
1% increase of each household’s income and education level (percentage of people 
having A/L or a higher education level). Again, a 1% increase in household size 
(number of members) resulted in a 4.46% decrease in the quantity of DPC packaging 
waste.  
 
Table 4.6: DH and DPC packaging waste generation models 
Variables  ̂ value (DH) t value  ̂ value (DPC) t value 
Constant -25.63*** -2.140 29.33*** 8.286 
Monthly income  0.003*** 18.059 0.001*** 12.268 
Number of people  15.43*** 6.965 -4.46*** -7.361 
Education level of the household  - - 0.139*** 4.002 
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variables = DH and DPC packaging waste (g) 
Adjusted  R2 values; DH = 0.582, DPC = 0.470 
F value; DH = 209.32 DPC = 89.28 
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Both packaging waste models are important in order to understand the effect of 
household characteristics on the generation of packaging waste. These relationships are 
important in order to facilitate waste recycling and move towards resource conservation. 
The resultant positive relationships for DH and DPC packaging waste generation with 
household income shows the ability of higher income households to buy more items that 
contain more packaging materials which is supposed to be more expensive. The 
findings of previous studies were also compatible with these findings (Bandara et a., 
2007; Hong, 1999; Qu et al., 2009; Sujauddin et al., 2008).  
 
Another important determinant of packaging waste generation was household size. For 
DH packaging waste the sign of the coefficient was positive. The general understanding 
that more waste is produced when the number of people is increased can be used to 
explain this observation. However, as discussed in the DPC waste model, the quantity 
of DPC packaging waste was also negatively correlated with household size. This can 
be explained as the common consumption by a family that results in the sharing of 
packaged items and, hence, lesser per capita waste. This negative correlation was 
common in the literature (Qu et al., 2009; Thanh et al., 2010). 
 
According to the DPC packaging waste model, the education level of household 
members resulted in an increase in the quantity of packaging waste. Even though this 
variable was not included in the DH model, the education level variable was also 
correlated positively (r = 0.249, P<0.01) with the quantity of DH packaging waste. As 
discussed in the DPC waste model, this positive correlation can be related to the higher 
economic power of educated people possibly having better jobs. The positive sign of the 
education level is in accordance with the findings in the literature (Hong, 1999; Qu et 
al., 2009).  
 
According to the correlation analysis, the quantity of DPC packaging waste showed a 
positive correlation with the job percentage of the household (r = 0.271, P<0.01). The 
higher usage of shop-bought items containing more packaging can be linked to the 
higher economic power and busy lifestyle of those doing jobs. The lack of time to 
separate and recycle waste can result in households disposing of more packaging waste 
via municipal collection service. However, this can only be proved by revealing their 
waste separation practices as discussed in Section 4.2.6. 
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4.2.5. Current waste separation practices 
HSW separation is as important as reducing waste generation as it plays a major role in 
determining the method of waste disposal. The separated waste ends up in recycling 
facilities whilst the remainder ends up in landfills. Therefore, the more waste 
separations are carried out, the less the quantity of waste goes to landfills. Separating 
the waste at household level (at source) is easier and more efficient than separating at 
the disposal site; the former minimizes both the contamination of the recyclable waste 
that goes to factories and the cost of separation. Therefore, it is important to reveal 
waste separation practices at household level.  
 
However, it is difficult to measure the actual amount of waste separation as households 
were asked to separate their waste for the study. Further, actual behaviours are difficult 
to be revealed in study situations as they tend to separate for the study period only. 
Therefore, reliance needs to be placed upon the households’ self-reported behaviour. 
Different waste separation levels practiced by households in the DMMC area are 
presented in Table 4.7. Further, separations of different waste materials were also 
examined (figure 4.6).  
 
Table 4.7: Different waste separation types in the DMMC area 
Separation type Percentage of households 
No separation 20.7 
At least one type of waste separation 79.3 
All the recyclable waste (paper, plastic, 
glass and metal) 
19.0 
Glass and metal 53.0 
All the six categories 3.0 
Hazardous waste 4.7 
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Figure 4.6: Separation of waste types 
 
According to the results, a considerable number of households (79.3%) in the DMMC 
area reported that they were separating at least one type of waste at source. This is a 
sign of environmental enthusiasm among urban households with busy lifestyles even 
without a recyclable collection service or other incentive. This was very close to the 
findings made in Barnley, England of 80% where there was a proper recyclable 
collection system in place (Martin et al., 2006). Again, the low percentage (20.3%) of 
people who were not doing any type of waste separation was lower than most other 
developing countries. The study made in Mekelle city, Ethiopia revealed that 
approximately 83.5% did not practice any type of waste separation (Tadesse et al., 
2008). In Dhaka city, Bangladesh this rate was 56.2% (Afroz et al., 2011). However, as 
mentioned above, this was a reported behaviour finding that the actual behaviour can be 
different. Further, an average household in the DMMC area reported only 37.5% of 
separation considering the six waste categories. This low waste separation percentage 
value explains that higher quantities of recyclable waste arrives at dumping sites 
(MENR, 2005). Therefore, household waste separation practices need to be encouraged 
by providing more services.  
 
As the largest component of HSW, organic waste separation at source is extremely 
important in reducing a large quantity of waste that ends up in landfills. Further, it is 
important to avoid the hazardous waste contamination that makes organic waste 
unsuitable for making compost and subsequently growing food (Coffey & Coad, 2010). 
Only approximately one quarter of households in the sample (25.3 %) reported 
10.00% 
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
0-9999 10000-
29999
30000-
59999
60000<
0-9999
10000-29999
30000-59999
60000<
117 
 
separating organic waste and 7% out of them compost their organic waste; these levels 
cannot be considered as satisfactory. Afroz et al. (2011) also reported that only a small 
number of people in Bangladesh were practicing composting. To correct this issue, 
separate organic waste collection facilities and/or compost bins need to be provided for 
individual households.  
 
According to the results (Figure 4.6), packaging waste separation is also not practiced 
by households in the DMMC area to a satisfactory level. According to households, they 
are not encouraged to separate their waste due to the current mixed waste collection 
service and lack of recyclable waste collection service. The DMMC currently only 
offers a mixed waste collection and, hence, separation by a small percentage of the 
households is due to their self-motivation. As for recycling, there are no incentives and 
facilities offered by the DMMC other than a few inefficient recycling centres (Eco 
kiosks). The separated recyclable waste is given to informal private sector collectors or 
to the municipal waste collectors by the households. Private sector informal waste 
collection is commonly operating in many developing countries with success (Ahsan & 
Zaman, 2014; Sembiring & Nitivattananon, 2010). A relatively higher amount of glass 
and metal waste separation (Table 4.7, Figure 4.6) in the area can be attributed to the 
encouragement given by these private collectors. This encouragement is given in the 
form of money and/ or regular and convenient collections (door-to-door method). These 
success factors should be considered when designing a recyclable waste collection 
service in order to obtain the maximum support from households.   
 
The most shocking finding was only a low percentage of households in the sample 
(4.7%) are practicing hazardous waste separation. This waste type is present in HSW in 
many developing countries (Coffey & Coad, 2010; Hoornweg & Bhada-Tata, 2012). 
According to Dangi et al. (2008), Thanh et al. (2010) and UNEP (2005b) less attention 
was given to hazardous waste generated at household level by the waste management 
bodies of most developing countries. This lack of attention is also evident in Sri Lanka. 
Currently, there is no hazardous waste collection facility for the household sector in the 
DMMC or elsewhere in Sri Lanka. The lack of awareness and knowledge about the 
danger of hazardous waste and the lack of encouragement results in approximately 95% 
of households disposing of it alongside general waste and without separation. The 
ignorance of the LAs about the harmful impact of household hazardous waste means 
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that this waste category is disposed of with HSW. The attention of the policy makers 
should be given to separate this waste category from the main stream waste.  
 
4.2.6. Determinants of household waste separation  
Separation of waste types 
Waste separation at household level is both an effort and a time consuming task.  
However, it helps to divert huge quantities of waste from landfills through recycling at 
minimum cost. The determinants of waste separation help us to understand the current 
situation and design a waste management service that is useful. This, in turn, will help 
to maximize the support received from households for a separate waste collection 
system. 
 
The number of waste types separated by households (organic, paper, plastic, glass, 
metal and other) was modelled using the SE variables of the household and the waste 
collection service features in order to examine the impact of the waste recycling effort. 
Prior to the regression analysis, correlation analysis was carried out to identify the 
relationships. The finalized model after dropping the insignificant independent variables 
and re-run is presented in Table 4.8. This model explained 17.5% of the variances of 
number of waste types separated by a household significantly (P<0.01). The model was 
free from the problem of multicollinearity. According to the model, a 1% increase in 
each of household monthly income and the job percentage of the family members 
decreased the waste separation by 0.0002% and 0.114% respectively. On the other hand, 
1% increases in each of; the education level of the household members (percentage of 
members having Advanced Level or a higher level of education), waste collection 
frequency, regularity of the waste collection service and door-to-door and kerbside 
mixed waste collection (hereafter referred as door-to-door) made 0.085%, 12.38%, 
7.416% and 9.495% increases of waste separation respectively.  
 
Table 4.8: Determinants of household waste separation  
Variables  ̂ value t value 
Constant 7.315*     1.102 
Monthly income of the household -0.0002** -2.545 
Family job percentage -0.114* -1.692 
Education level of the household  0.085* 1.746 
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Waste collection frequency 12.388*** 5.564 
Regularity of waste collection service 7.416** 2.125 
Door-to-door waste collection 9.495*** 2.981 
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variable = Amount of waste separation  
Adjusted  R2 value = 0.175** 
F value = 11.55, P<0.01 
 
As for the SE variables of the households, the negative sign of the income variable can 
be explained again by the lack of time or interest among the higher income households 
for waste separation. However, Martin et al. (2006) for England, obtained positive 
effects of income variable for waste separation and recycling. The negative sign 
obtained for the job percentage of the family members can also be linked to a lack of 
time for engaging in waste separation practices. This can be expected in urban areas due 
to the busy lifestyles of the people. The importance of the time factor in order to carry 
out waste separation was also revealed by the negative correlation with the age group of 
49-55 year olds (r =-0.118, P<0.05) and the positive correlation with people over the 
age of 60 years (r =0.127, P<0.05). Martin et al. (2006) and Sterner and Bertelings 
(1999) also supported the positive relationship between age and waste recycling 
behaviour. Therefore, offering efficient and convenient waste collection services for 
recyclable and compostable waste will encourage people to engage in waste separation 
practices even if they have busy schedules. 
 
Further, the positive sign of the household education level for waste separation shows 
that environmental friendliness is derived from education. Even though the waste 
quantities were higher in educated families due to their economic power as discussed 
above, this positive relationship can be expected in households with more educated 
members. The Advanced Level education represents the secondary education level in 
Sri Lanka. Therefore, the number of household members with this Advanced Level or 
higher education levels can be expected to have some kind of environmental knowledge 
than the rest. The negative correlation obtained for mixed waste amount and education 
by Benitez et al. (2008) in Mexicali, Mexico can goes along with this finding. 
 
The positive relationship resulted for the regularity of the service confirmed its’ 
importance for the households in an urban environment. Having a regular waste 
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collection service helps to prevent illegal dumping whilst encouraging waste separation. 
Martin et al. (2006) also reported full recyclers valuing the reliability of the waste 
collection higher. Again, the increase in amount of waste separation whilst having more 
frequent waste collections should illustrate to the DMMC that there is a need to increase 
the frequency of waste collection and to ensure that these collections take place on 
regular days. This is due to the unavailability of extra space where waste can be kept for 
long periods of time as well as the odour problems associated with uncollected waste. 
Further, the positive relationship for door-to-door waste collection method can be 
explained by the convenience of giving separated waste to waste collectors who come to 
the door/kerb rather than needing to take several bins or bags to a collection vehicle or a 
communal bin. Ayolon et al. (2013), Dahlén et al. (2007) and Martin et al. (2006) 
confirmed that door-to-door collection method can be associated with a higher amount 
of recycling at household level. The features of a waste collection service, such as 
regularity, frequency and the method, explain the ease of waste separation and 
recycling. Chun and Poon (1996) and, Strener and Bartelings (1999) also found a 
positive effect between convenience and recycling. These findings can be used to 
understand the most important factors that need to be manipulated by LAs and policy 
makers in order to increase the waste recycling levels within the household sector.   
 
Organic waste separation 
As organic waste is the major contributor of HSW, the factors affecting organic waste 
separation were useful to consider. The organic waste separation model was also 
developed in order to understand the impact of the factors affecting organic waste 
separation (Table 4.9). This model explained 15.3% of the total variance of organic 
waste separation significantly. This model was free from the problem of 
multicollinearity. According to the model, a 1% increase in the regularity of the 
collection service, door-to-door waste collections, collection frequency and land area 
were responsible for 0.097%, 0.123%, 0.186% and 0.007% increases in organic waste 
separation by the households respectively. Further, 0.000003% of organic waste 
reduction was made by a 1% increase in the monthly income of a household.  
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Table 4.9: Determinants of organic waste separation 
Variables  ̂ value t value 
Constant      -0.270**                                                  -2.772 
Regularity of waste collection service 0.097* 1.805 
Door-to-door waste collection 0.123** 2.531 
Waste collection frequency 0.186** 5.466 
Monthly income of the household  -0.000003** -2.306 
Land area (Perches) 0.007** 2.108 
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variable = Organic waste separation 
Adjusted  R2 value = 0.153** 
F value = 11.76, P<0.01 
 
The frequency and regularity of the waste collection service was found to be important 
for organic waste separation. However, inclusion of the waste collection service features 
in modelling organic waste separation could not be found in the literature. As, over 
time, organic waste causes unpleasant odours, it is difficult to store a number of 
separated waste bags in urban households due to the small amount of available space. 
Further, as Sri Lanka receives a higher amount of rainfall throughout the year, storing 
recyclable waste, such as containers and polythene bags, outside homes can potentially 
cause Dengue. As a result people tend to dispose of mixed waste in bags and dump the 
waste bags on public land when the waste collection service delays. The positive sign of 
door-to-door collection can be linked to the convenience of disposal on separation.   
 
Negative coefficient of monthly income indicates that when the income of a household 
increases, quantity organic waste separation decreases. On the contrary, Lee and Paik 
(2011) found that income had a positive effect on the separation of food waste in Korea. 
The reason for the difference of the opinion is that the higher income earners in the 
DMMC area are working full time and, hence, have less time to engage in waste 
separation practices or lack of interest. 
 
Organic waste separation has a positive relationship with the amount of land that 
belongs to a particular household. This can be linked to the availability of extra space 
for siting a compost bin or pit. Similar findings were reported by Martin et al. (2006) 
further to a study undertaken in England. Afroz et al., (2011) also found that the storage 
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facility has a significant and positive impact on waste separation by households. Strener 
and Bartelings (1999) found similar results. Therefore, as discussed above, regular and 
frequent waste collection is necessary especially for urban households. By introducing 
efficient compost bins (with low odour) along with knowledge and technical support, 
even households with a small amount of land can be encouraged to undertake household 
composting. As Ferrara (2008) stated, access to garden waste makes composting 
successful and, hence, encourages the separation of more organic waste for composting. 
According to the results, organic waste separation and composting were also positively 
correlated (r =0.502, P<0.01). Therefore, households who own more land tend to 
undertake more composting than others.  
 
Packaging waste separation 
Prior to develop the regression analysis, correlation analysis was used to understand the 
relationships between the packaging waste separation and independent variables. The 
developed regression model was re-run by dropping the insignificant independent 
variable to improve the model. As shown in Table 4.10, the finalized regression model 
explains that 12.6% of the total variance of the packaging waste separation of the 
sample households significantly. The model was also free from the problem of 
multicollinearity.   
 
Table 4.10: Determinants of packaging waste separation 
Variables  ̂ value t value 
Constant       0.864**                                                      2.648
Regularity of waste collection service 0.367* 2.108 
Door-to-door waste collection 0.349** 2.195 
Waste collection frequency 0.509** 4.586 
Monthly income of a household  -0.000007* -1.926 
Job percentage -0.005* -1.579 
* P<0.1 ** P<0.05 *** P<0.01 significant level 
Dependent variable = packaging waste separation 
Adjusted  R2 value = 0.126** 
F value = 10.622, P<0.01 
 
The variables, such as frequency of waste collection, method and the regularity of the 
waste collection service, were significant factors regarding packaging waste separation.  
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A 1% increase in the regularity of a waste collection days increases packaging waste 
separation by 0.367%. The packaging waste separation was increased by 0.509% further 
to a 1% increase in the frequency of the waste collection service. These findings prove 
the need for a sufficiently frequent and regular waste collection service in order to 
encourage households to separate packaging waste. Matsumoto (2011) found similar 
results and explained it as being the reduced recycling cost (separation and storage) to 
the households when they were in receipt of a higher frequency of waste collections. 
Receiving a door-to-door waste collection service also showed a positive influence on 
packaging waste separation, resulting in an increase of 0.349%. The identified need of a 
convenient and well-structured waste collection service to encourage household waste 
recycling was also focused upon in previous studies (Derksen & Gartell, 1993; Sidique 
et al., 2010; Sterner & Bertelings, 1999).  
 
Households’ SE variables also affect packaging waste separation. When the monthly 
income of a household increases by 1%, the packaging waste separation decreases by 
0.000007%. This negative relationship of the income variable confirms that wealthy 
households have less concern about recycling. In a previous study, Derksen and Gartell 
(1993) found lower pro-environmental behaviours within high income groups in 
Canada. On the contrary, Martin et al. (2006) for Burnley, England and Lee and Paik 
(2011) for Korea found that the higher income groups tended to recycle more. The 
reason for the difference could be that some wealthy households have more time to 
engage in recycling practices while some higher income groups have to work to earn 
more money and have busier lifestyles than those in other income groups. Afroz et al. 
(2011) found that middle income households in Bangladesh were willing to reduce 
more waste by separation than other income groups. However, in the DMMC area, there 
should be a way of encouraging high income households to engage in waste recycling. 
This can be achieved by taxing the disposal of mixed waste and providing facilities for 
recycling (storage bins) even if this comes with an additional cost. 
 
In the DMMC area it was found that, when more people within a household were 
employed, a lower amount of recyclable waste separation was undertaken. The 
inclusion of the variable of been employed as an independent variable was not common 
in previous studies. For, a 1% increase in the amount of people working tended to 
reduce packaging waste separation by 0.005%; this could be due to a lack of available 
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time. However, this point out the need of providing a convenient collection service and 
facilities in order to encourage recycling among busy urban households.  
 
As the correlation analysis suggests, households with more female members separated a 
higher quantity of packaging waste (r = 0.102, P<0.1). Some studies also reported this 
relationship (Lee & Paik, 2011; Sidique et al., 2010). Generally, in developing countries 
female members of a household engage in waste related activities. By providing suitable 
facilities, such as separate recyclable collections, waste separation will become even 
more convenient and both male and female members, even those with busy lifestyles, 
can be encouraged to carry out waste separation and recycling. 
 
The age of household members was an important predictor of waste separation and 
recycling behaviour. Even though the age variable was not significant in the regression 
model, the number of people aged over 60 showed a significant positive correlation (r 
=0.136, P<0.05) with packaging waste separation. This is also consistent with the 
previous studies’ positive correlations with age (Barr et al., 2001b; Derksen & Gartell, 
1993; Lee & Paik, 2011; Matsumoto, 2011; Scott, 1999). The studies undertaken by 
Martin et al. (2006) in England, and Lee and Paik (2011) in Korea especially showed 
that a large proportion of old and retired people participate in recycling. This can be 
linked to the opportunity and amount of time that retired people have to engage in waste 
separation practices. On the other hand, Afroz et al. (2011) found that young adults 
(aged 25-35) were more willing to separate recyclable waste in Bangladesh. They 
explained relationship as the persuaded responsibility of duty among young people.  
 
4.2.7. Current waste disposal practices 
As discussed above, it is crucial to understand the current waste disposal methods that 
are practiced by households in the DMMC area in relation to the different waste 
categories, in order to improve the current situation. According to Table 4.11, the 
prevalent disposal method for all waste types is handing it over to municipal mixed 
waste collection service.  
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Table 4.11: Different waste disposal methods in the DMMC area 
Method Organic Paper Plastic Glass Metal Other 
Municipal collection (%) 90.7 87.8 94.3 79.3 83.7 98.0 
Composting (%) 7.0 0 0 0 0 0 
Burning (%) 2.3 7.3 3.3 0.0 0.0 2.0 
Private Collectors (%) 0.0 3.9 1.4 19.4 15.3 0.0 
Recycling centres (%) 0.0 1.0 1.0 1.3 1.0 0.0 
 
A higher number of households reported using private sector mobile collectors for 
disposing of some waste types especially glass and metal waste. As a result of only few 
recycling centres that operate in the DMMC area, only a few of the sample households 
use these centres. Due to poor knowledge and lack of awareness regarding the 
harmfulness of burning plastic and polythene waste, 3.3% of the sample households 
practice burning. The burning of plastic waste, which releases harmful gases containing 
dioxins and furans, causes a health hazard and is common in developing countries 
(Coffey & Coad, 2010). The uncontrolled burning of waste was also reported by studies 
in Haiti (Philippe & Culot, 2009), and Northern Ethiopia (Tadesse et al., 2008). 
Strengthening environmental regulations against uncontrolled burning are vital in these 
countries. 
 
It is useful to find the determinants for the use of recycling centres and private sector 
mobile collectors in order to improve existing facilities. However, due to a small 
number of households are using these two methods regression analysis was not used. 
However in order to discover the relationships between SE variables and sustainable 
options such as composting, the use of recycling centres and the use of private sector 
mobile recyclable waste collectors, a correlation analysis was used. 
  
Use of recyclable collection centres was only significantly correlated with the variable 
of age 19-34 positively (r =0.118, P<0.05). This may be due to the awareness or 
enthusiasm of the young adults. Sidique et al. (2010) found use of drop-off centres were 
positively affected by income, age, married people, affiliation to environmental 
organization and quantity of recyclable materials in waste while negative affected by 
distance to a recycling centre, time need for sorting and fulltime employment. Further, 
De Feo and De Gisi (2010) reported that the highly educated people are not necessarily 
use recycling facilities as expected. As mentioned above, in the DMMC area, a lower 
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number of households are using recycling centres and lack of suitable variables, such as 
availability of a vehicle, distance from a closest centre, and efficiency of the closest 
recycling centre, can be the reasons for lacking of such relationships.  
 
With regard to the use of private sector mobile recyclable waste collectors, unemployed 
adults (r =0.187, P<0.05), those aged over 60 (r =0.194, P<0.05) and those with an 
education level below Ordinary Level (r =0.181, P<0.1) were found to be positively 
correlated. Even though these correlations are weak, they show important insights. This 
can be linked to an interest in the income from selling those items to the mobile buyers 
by the old, unemployed and uneducated (probably unemployed) people in the 
households. Furthermore, the convenience of giving these waste types to mobile 
collectors may be another possible reason that these people, who may be at home most 
of the time, use this method. However, there may be additional reasons, such as the 
proximity to a main road, the proximity to the route of those mobile collectors, etc.), 
which are not covered by this study. It is therefore recommended that the features of 
those two disposal methods, and possibly of other minor methods which are special to 
particular urban areas, should be studied in order to improve household recycling. 
Interviewing policy makers, community leaders, local authority officers, industries, 
private sector buyers and general public regarding the success factors of those disposal 
methods can also be recommended for further studies.  
 
4.2.8. Waste collection Service 
Understanding household satisfaction for the current waste collection system is an 
important indicator in order to justify the need for an improved waste collection system. 
This can further be used to obtain an insight into minimizing illegal dumping and 
uncontrolled burning of waste. The frequency, regularity and method of collection of 
waste, which are important features of a waste collection service, can also affect waste 
separation and disposal practices. The importance of these features on waste separation 
practices were described in Section 4.2.6. 
 
As presented in Table 4.12, the DMMC offers varying frequencies of waste collection 
depending on the location and type of road. According to the results, nearly half of the 
sample households get their waste collected once or twice a week. This can be 
considered to be a low waste collection frequency. The other half of the sample receives 
a waste collection every other day and daily which is obviously a better service. This 
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higher disparity between the two types of waste collection frequencies results in lower 
satisfaction among approximately half of the sample. As this sample was randomly 
drawn, this can be seen in the DMMC area commonly. Bandara and Hettiarachci (2010) 
also reported a lack of sufficient waste collections in the neighbouring LA (Moratuwa) 
to the study area. In Sri Lanka access to waste collection services is limited to urban 
councils and municipal councils. As Vidanaarachchi et al. (2006) reported, only 24% of 
the population in the Southern province of Sri Lanka have access to a waste collection 
service. According to Henry et al. (2006), lower waste collection coverage is common 
in many developing countries. 
 
Table 4.12: Waste collection frequency in the DMMC area 
Frequency Percentage  
Once to twice a week 46.0 
Every other day 52.7 
Daily 1.3 
 
For 70% of households there are no regular waste collection days when they can expect 
to receive a municipal waste collection; in some weeks they may not receive any waste 
collection at all. This results in people illegally dumping their waste on roadsides or on 
public land; this in turn creates environmental and social problems. Ultimately, the LA 
will have to spend extra money on cleaning roadsides. The practice of uncontrolled 
burning of waste is also common due to a lack of regular collection days. Martin et al. 
(2006) highlighted the importance of the reliability of collection services in the 
recycling of waste. It is therefore vital to have regular collection days and times when 
designing an improved waste collection service.  
 
Different waste collection methods are being used in the DMMC area. The current 
waste collection methods available in the study area are; door-to-door and kerbside 
mixed collection, block collections (vehicle), and communal collections (bin). A door-
to-door/kerbside mix collection service is provided to 50% of households in the sample 
while 48.3% are required to bring their waste to the collection vehicle (block 
collection); a further 1.7% of households are dumping their waste in a communal bin. 
Half of the sample households receive a convenient waste collection method of door-to-
door collections (including kerbside collection), while the rest receive a block collection 
in which they have to take their waste bags to a vehicle or bin collection where they 
128 
 
have to put the waste in a communal bin. A very small number of households use 
communal bins. Some affluent households in the DMMC area pay a monthly mutually 
agreed amount of money to the waste collectors in order for their waste to be collected 
from their premises. Afroz et al. (2011) reported a higher likelihood of receiving a door-
to-door collection for high income groups in Bangladesh. Bhattarai (2003) also stated a 
need for a payment to be made for receiving this method in Nepal. However, the most 
common method is for households to leave their waste bags at the kerb near the road 
(kerbside collection); this method is easy for households with busy life styles. As the 
time of the waste collection is irregular, most people leave their waste bags earlier than 
the collection time, causing the waste bags to remain unattended on roadsides for a long 
time. Street dogs, craws, other stray animals and sometimes the waste pickers damage 
the waste bags. When the waste collection vehicle arrives most of the waste bags are 
damaged and waste is scattered on the roadside. Most of the times, waste collectors 
collect only the waste in the bags and not the scattered waste. This creates an unpleasant 
odour and causes pollution in the area. Due to this experience, some households in 
many developing countries dump their waste bags on public land and roadsides rather 
than leave it at their kerbside (Ogawa, 1996).   
 
The extrapolated daily HSW quantity generated to be disposed of through municipal 
collection in the DMMC area in this study is 73.92 tonnes (Section 4.2.1). The 
percentage of that amount collected daily by the municipality is useful to estimate in 
order to improve the service. However, the actual amount of HSW in collected total 
waste load (150 tonnes) is unknown. Therefore, it is difficult to estimate the HSW 
collection percentage of the area. However, 100% of the sample households’ positively 
answered for the question regarding the need for an improved waste collection service. 
These findings highlight the problem of the current waste collection service. As Coffey 
and Coad (2010) suggested, a regular and well-organized waste collection system is 
needed to correct these problems. This problem can be resolved by having a regular 
collection schedule and siting several communal bins in convenient places in order that 
waste bags can be disposed of when households are not going to be at home at the time 
of the waste collection.  
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4.3. AAB related to sustainable practices 
4.3.1. Descriptive information 
Waste related behavioural intentions are linked with awareness, attitude (including 
values, beliefs and norms), behavioural control, SE variables and other factors as 
discussed in Section 2.2.3. In that sense, waste related AAB in relation to SSWM 
practises were studied by obtaining the households’ weighing for attitudinal statements 
using the Likert scale method. The importance of studying an individual’s behaviour, 
attitudes, and awareness about solid waste management was highlighted by previous 
studies (Pakpour, Zeidi, Emamjomeh, Asefzadeh & Pearson, 2014; Post, 2007; 
Refsgaard & Magnussen, 2009). However, in Sri Lanka no study has been undertaken 
to reveal the AAB of households relating to SSWM practices. Therefore, the results of 
this study are extremely important in order to understand the HSW problem in Sri 
Lanka. A lack of social responsibility by the general public can be seen in many 
developing countries. As mentioned in Section 1.2.3, in recent years, there were several 
public oppositions in Sri Lanka against establishing permanent landfill sites near to 
residences. This shows the NIMBY syndrome as discussed in an earlier chapter. The 
lack of environmental attitudes needs to be corrected in order to find a feasible solution. 
To understand the AAB of respondents regarding SSWM practices the score 
frequencies were used. The average scores are presented in Table 4.13. 
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Table 4.13: Frequency scores of the attitudinal statements 
Statement SA/A % NA % SD/D % 
Awareness and perception    
I am aware that reducing waste is good for the sustainability of the city (S1) 98.6 1.3 0 
I am aware of the negative impact of plastic waste burning (S14) 88.0 6.0 6.0 
I am aware of the negative impacts of the fly-tipping of waste (S15) 95.3 4.0 0.6 
I am aware that hazardous waste is not to be disposed of with normal waste (S16) 79.0 14.3 6.6 
I know how to make compost (S10) 58.7 17.0 24.3 
Attitudes    
I have enough land to make compost (S12) 32.0 18.0 50.0 
I have no time to make compost (S11) 56.7 18.0 25.4 
I would like to minimize waste by buying less packaging (S2) 85.0 13.7 1.4 
I would like to separate waste if there is a regular mobile collection for recyclable materials (S7) 78.3 16.0 5.7 
I like it if someone collects recyclable items from my home for a fee (S6) 86.0 10.7 3.3 
I would like to take my recyclable waste to drop-in centres (S8) 35.0 30.3 34.7 
I like it if the recyclable collection facilities are more frequently available in the city (S9) 58.7 32.3 9.0 
The DMMC should offer a hazardous waste collection (S17) 93.4 6.3 0.3 
Disposing of waste in an environmentally friendly way is the responsibility of the DMMC (S18) 96.6 3.3 0 
We should protect the natural environment from waste for the sake of future generations (S19) 95.0 5.0 0 
There are not enough incentives for us to reuse and recycle (S4) 81.0 16.7 2.3 
Behavioural intentions    
I am reusing materials to reduce waste (S3) 71.4 17.3 11.3 
I am recycling waste materials which can be recycled (S5) 36.7 27.0 36.3 
We are making compost at home (S13) 23.7 6.7 69.7 
SA: Strongly Agree, A: Agree, N: Neither agree nor disagree, D: Disagree, SD: Strongly Disagree 
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Waste related awareness 
Waste related awareness is very important with regard to households performing 
SSWM practices. The statements such as S1, S10, S14, S15 and S16 were used to 
represent awareness. The majority of respondents (98.6%) agreed that waste reduction 
is good for the sustainability of the city (S1). However, waste generation has been 
increasing over the years, as indicated by the actual figures (MENR, 2009). This 
discrepancy is mainly due to the lack of knowledge on how to reduce waste and a lack 
of encouragement. More than 75% of the sample respondents agreed that they were 
aware on the harmful impact of waste fly-tipping, the burning of plastic waste, and the 
disposing of hazardous waste with normal waste (S14, S15, S16). Similar studies also 
reported households’ higher agreement on harmful impacts of hazardous waste (Das et 
al., 2008; Post, 2007). However, a lack of environmental friendliness can be seen when 
considering the behaviour. According to the self-reported waste separation behaviour 
results (Section 4.2.5), approximately 95% of the sample households dispose of 
hazardous waste with normal waste and 3.3% of households burn plastic and polythene 
waste. 
 
There are public protests against siting of permanent landfills in neighbourhoods in Sri 
Lanka (Sunday Times, 2009).  Even though this is NIMBY opposition, it can be linked 
to an increased public awareness about environmental issues and the harmful impact of 
waste. This is also common in other countries (Ferrara, 2008). However, protesting 
even for environmental and socially friendly option such as sanitary landfilling was 
reported in some countries as well (Henry et al., 2006). This can be related to an 
incomplete and lacking accurate knowledge in society. Even though the general 
awareness about making compost is high (58.7%), only about 7% of households 
reported composting at household level. There can be some misunderstanding regarding 
the space, effort and time required for maintaining a compost bin. Ferrara (2008) also 
pointed out the importance of households’ perceptions (on the required time and space) 
regarding composting. Having said that, there is a strong need to improve the awareness 
on composting, in order to reverse the negative thinking associated with it. This is very 
important as, according to the waste quantification results in this study, approximately 
85.6% of HSW in this area comes from organic waste (Table 4.3). Most of the time, 
organic waste is not separated from the rest. Overall, these findings confirm the need to 
improve the environmental knowledge of society in order to minimize 
misunderstandings and fill the gaps in knowledge.  
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Waste related attitudes 
Understanding waste related attitudes is essential in understanding households’ 
behaviour relating to SSWM practices. According to the results of the attitudes, the 
waste reducing, reusing and recycling related attitudinal statements (S2, S4, S6, S7, S8, 
S9, S17, S18, S19) scored higher agreement levels. Similar findings were also obtained 
by Martin et al. (2006). The positive attitudes of the respondents toward waste reducing 
and recycling was confirmed by the higher percentage (over 75%) of the agreement 
regarding statements S2, S6 and S7. Again, these findings explain their expectation of 
the government to provide the essential elements of a waste management system. These 
elements were; providing separate mobile collections for recyclable waste, siting more 
drop-in centres for recyclable waste, providing a hazardous waste collection system and, 
finally, disposing all waste in an environmentally friendly way. According to Coffey 
and Coad (2010), it is common that the households expect to have a better waste 
management at little or no cost to them. The expectation of households for LAs to solve 
the waste problem was also reported by Post (2007). More importantly, only just over 
25% of people believed that they had enough land and/or time to make compost (S11, 
S12). Even though this seems related to their knowledge, this shows their attitudes on 
composting. This can be expected as making compost is a time, space and effort 
consuming activity. However, with proper assistance the negative attitudes can be 
corrected. In this regard, the encouragements should also be given to increase household 
composting in order to reduce the organic waste quantity in the waste load to be 
disposed by the DMMC. 
 
Further, results showed relatively a low level of agreement regarding taking waste to 
drop-in centres (S8). This may be due to a lack of such places being within close 
proximity to their residences and the efficiency of those centres. The reason can be 
linked to the findings of Martin et al. (2006) which found that a quarter of the 
respondents stated that the recycling centres were too far away. With regard to 
recyclable waste, Jenkins et al. (2003) obtained a higher efficiency in relation to 
kerbside collection rather than drop-off points. That study further proved that 
unreliability and inconvenience (distance) were the weaknesses regarding recycling 
facilities. It is therefore important to site enough well-operated drop-in centres in the 
city by considering their distance from households. However, the expectation by 
households for mobile collection (78.3%) was higher than frequently sited drop-in 
centres (58.7%); this fact is also important when considering policy decisions. Similar 
133 
 
results were reported by the study made by Chung and Poon (1996) in Hong Kong. 
Furthermore, households expected to have a proper buying system for recyclable waste, 
in the form of a monetary incentive. This shows their preference for the buying system 
in current informal private sector mobile recyclable waste collection and the expectation 
of this kind of market from the municipality. As waste separation at household level is a 
priority, monetary incentives should be given in order to encourage and maintain that 
behaviour. More importantly, the fact that 81% of respondents agreed that there were 
not enough incentives for waste reducing and recycling (S4) can be considered as a 
major problem. The government and LAs therefore need to work together in order to 
provide incentives and awareness programmes and improve the situation.  
 
Waste related behavioural intentions 
According to the results, the agreements on the behavioural intentions regarding SSWM 
practices such as recycling and composting were not at a satisfactory level (S5, S13). 
However, the reusing of packaging materials is as high as 71.4% (S3). These findings 
show that the higher effort needed in recycling and composting make them lower 
engage in such activities. Moreover, Bar et al., (2005) found that recycling related 
behaviours were having a definitive split from waste reduction and reusing behaviours, 
which are done on an ad-hoc basis. It is therefore vital to form behavioural intentions 
regarding recycling and composting among the population. In order to encourage 
households to engage in recycling and composting, a recyclable waste collection 
service, a separate organic waste collection service and the provision of household 
composting bins and instructions are very important. The reusing of packaging 
materials seems to be being practised satisfactorily (S3). This level can be increased by 
implementing product charges and deposit refund systems in order to buy less 
packaging material. In Sri Lanka there is a deposit refund system for glass bottles 
containing soft drinks. This system was used to be very successful.  However, the 
recently introduced plastic bottle for soft drink has become very popular in society. 
Because of this, glass bottles are no longer in high demand while plastic bottles are 
creating a higher volume of waste. Therefore, designing strong and effective policies 
can only help the situation.  
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4.3.2. Principal Component analysis 
As described in Section 3.3.2, principal component analysis was used as a data 
reduction technique in order to group 19 statements in to meaningful components. In 
order to use these statements in the principal component analysis, four conditions were 
fulfilled as suggested by Pallent (2005, p.178); (1) the sample size exceeded the 
minimum number of cases by having 300 cases; the number of cases were also more 
than five times greater than the number of statements; (2) correlation matrix with some 
coefficients being greater than 0.3; (3) the linearity of the relationships were assumed 
among variables, and; (4) outliers were checked and removed.  
 
As mentioned in the methodology (Section 3.3.2), Kaiser’s criterion, Scree test, and 
Parallel analysis were used to determine the number of components. According to the 
results of the PCA, the KMO measure of sampling adequacy was 0.740 (above 0.6) and 
Bertlett’s test was significant (p<0.05). These results prove factorability and, hence, the 
principal component analysis was appropriate for the data set. There were seven 
components with eigenvalues greater than 1. These components explained the 64.27% 
of the total variance. The extracted seven components are presented in Table 4.14.   
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Table 4.14: Principal component analysis matrix 
Statements 
Components 
     1 2 3 4 5 6 7 
We should protect the natural environment from waste for the sake of future generations (S19) 0.717       
I am aware of the negative impacts of the fly-tipping of waste (S15) 0.680       
I am aware of the negative impact of plastic waste burning (S14) 0.676       
Disposing of waste in an environmentally friendly way is the responsibility of the DMMC (S18) 0.630   -0.379    
The DMMC should offer a hazardous waste collection (S17) 0.573     -0.525  
I am aware that reducing waste is good for the sustainability of the city (S1) 0.574     -0.499  
I am aware that hazardous waste is not to be disposed of with normal waste (S16) 0.533   0.305 -0.518   
I would like to minimize waste by buying less packaging (S2) 0.473  -.335   -0.336  
There are not enough incentives for us to reuse and recycle (S4) 0.446 -0.405      
I would like to take my recyclable waste to drop-in centres (S8)  0.588  -0.484    
I like it if someone collects recyclable items from my home for a fee (S6) 0.363 0.577 -.393   -0.319  
I am recycling waste materials which can be recycled (S5)  0.535    0.393 0.416 
I like it if the recyclable collection facilities are more frequently available in the city (S9) 0.385 0.528  -0.348 -0.318   
I would like to separate waste if there is a regular mobile collection for recyclable materials (S7) 0.314 0.495 -.355  0.348 -0.393  
We are making compost at home (S13)  0.455 .589     
I have enough land to make compost (S12)  0.421 .526     
I have no time to make compost (S11)   -.524 0.314    
I know how to make compost (S10) 0.353  .408     
I am reusing materials to reduce waste (S3)    0.403 0.551 0.499  
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Scree plot, which was developed using the eigenvalue, was used to find the break of the 
curve in order to determine the number of components. When checking the scree plot it 
was found that the curve started to level out after four components (Figure 4.7). 
Therefore, it was decided to leave 4 components for further examination. 
 
 
Figure 4.7: Scree plot 
 
Further, the resultant eigenvalues were compared with the random eigenvalues 
generated by Monte Carlo Parallel Analysis. Only the eigenvalues of three components 
exceeded the random eigenvalues (Table 4.15).  
 
Table 4.15: Comparison using Parallel Analysis 
Component % of 
variance 
Cumulative 
% 
Eigenvalues from 
principal component 
analysis 
Random 
Eigenvalues from 
Parallel analysis 
1 20.290 20.290 3.855 1.4642 
2 12.470 32.760 2.369 1.3836 
3 8.597 41.357 1.633 1.3139 
4 6.118 47.475 1.162 1.2579 
5 5.966 53.441 1.134 1.2018 
6 5.546 58.987 1.054 1.1552 
7 5.288 64.275 1.005 1.1093 
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However, this test suggested a three-component solution for the 19 statements and, 
therefore, a three-component solution was decided as the final solution. As suggested by 
Pallent (2005, p.185), having a small number of loadings above 0.4 with regard to 
components 4, 5, 6 and 7 also proved the three component solution.  
 
For the purpose of interpretation of the extracted components, the components were 
rotated using the Direct Oblimin rotation method and the Varimax rotation method. This 
process helps to understand the pattern of loadings without changing the number of 
components (Pallent, 2005, 176pp). Direct Oblimin rotation was also used as the first 
step by assuming the correlations among the components. According to Kaiser et al. 
(2007), this rotation helps to obtain a robust solution. The loadings below 0.4 were 
dispensed with. The statements were arranged in the order of component loading in each 
factor. As statement 3 (S3) failed to show any loading greater than 0.3 for any of the 
components, it was ignored from the analysis. The selected component loadings of the 
remaining 18 statements are shown in Table 4.16.  
 
Table 4.16: Pattern matrix of principal Component Analysis (Orthogonal Solution, 
Loadings < 0.4 not given)  
Statement 
Components 
1       2 3 
We should protect the natural environment from waste for the 
sake of future generations (S19) 
0.796a   
I am aware of the negative impacts of the fly-tipping of waste 
(S15) 
0.711a   
The DMMC should offer a hazardous waste collection (S17) 0.698a   
Disposing of waste in an environmentally friendly way is the 
responsibility of the DMMC (S18) 
0.658a   
I am aware of the negative impact of plastic waste burning 
(S14) 
0.643a   
I am aware that reducing waste is good for the sustainability of 
the city (S1) 
0.597a   
There are not enough incentives for us to reuse and recycle (S4) 0.533a   
I am aware that hazardous waste is not to be disposed of with 
normal waste (S16) 
0.480   
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I like it if someone collects recyclable items from my home for 
a fee (S6) 
 0.790a  
I would like to separate waste if there is a regular mobile 
collection for recyclable materials (S7) 
 0.684a  
I like it if the recyclable collection facilities are more frequently 
available in the city (S9) 
 0.652a  
I would like to take my recyclable waste to drop-in centres (S8)  0.541a  
I am recycling waste materials which can be recycled (S5)  0.510a  
I would like to minimize waste by buying less packaging (S2)  0.462  
We are making compost at household (S13)   0.734a 
I have enough land to make compost (S12)   0.654a 
I have no time to make compost (S11)   -0.565a 
I know how to make compost (S10)   0.436 
a Components loading > 0.4 
 
For the purpose of interpretation of the extracted components, Varimax rotation was 
also used (Table 4.17). According to Pallent (2005), this rotation helps to minimize 
having higher loadings in more than one component (cross-loadings). According to the 
results of the Varimax rotation, component 1 explains 20.06% of the variance followed 
by 13.44% by component 2 and 9.94% by component 3. The total variance explained by 
these three components was 43.45%. 
 
Table 4.17: Total variance explained in the Principal Component Analysis 
Component Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % 
1 3.611 20.061 20.061 
2 2.420 13.447 33.508 
3 1.790 9.942 43.450 
 
The three main components which were extracted were labelled by considering the 
statements belonging to them. The first component was named as “Awareness and 
attitudes on waste related problems” after the higher loading items such as S19, S15, 
S17, S18, S16, S14, S4 and S1. The second component was called “Behavioural 
intention and attitudes related to recycling” and considered items S6, S7, S9, S8 and S5. 
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As expected, all the recycling related statements were loaded in this component. Finally, 
the third component was named as “Behavioural intention and attitudes related to 
composting” by considered items such as S13, S12, S11 and S10. All three components 
extracted had at least four or more items in which the loadings were greater than 0.4. 
These three components explained the linkage between awareness, attitudes, and 
behavioural intentions relating to SSWM practices. These linkages provide invaluable 
insight regarding how these three components can be used to encourage households to 
undertake SSWM practices.  
 
Component 1: Awareness and attitudes on waste related problems 
All the statements relating to awareness/knowledge and attitudes relating to the harmful 
impact of waste were, as expected, loaded into one component. The statements of 
people’s awareness regarding the harmful impact of waste on society and the 
environment (S15, S14, S1, S16) were grouped with the attitude statements (S17, S18, 
S19). This proved that the awareness has a close relationship with the attitudes. Ho 
(2002) supported this idea by having a component entitled “Perception of their 
neighbours and their neighbourhood, and Responsibility”. The resultant link between 
awareness and attitudes provides evidence that awareness of environmental issues has 
the ability to make an environmentally conscious society. However, the statements in 
this category needs less responsibility and effort than behavioural intentions and actual 
behaviours. Therefore, creating the awareness and attitudes to make behavioural 
intentions and then to form actual behavioural change is hard to achieve and depends 
upon many other factors.   
 
Component 2: Behavioural intentions and attitudes related to recycling 
This component was named after the recycling related behavioural intentions and 
attitudes (S6, S7, S9, S8, S5). According to these statements, people can be encouraged 
to recycle by a separate waste collection service being offered for recyclable items, 
drop-in collection centres being provided more frequently in the city and monetary 
incentives. Vicente and Reis (2007) have further explained the need for these 
requirements by having 5 components such as; the better condition of Eco-Points, to 
have information on recycling, to simplify sorting and deposits, to be given material or 
moral incentives, and to have support and cooperation from others. 
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This component contains a unique set of statements relating to recycling which did not 
have any cross-loadings. This finding was also in line with Barr et al. (2001a) and Barr 
et al. (2005) in having a clear set of unique practices for recycling related component. A 
statement of waste reducing attitude (S2) was also listed under this component. Some of 
the previous studies obtained a separate component for waste reduction (Barr et al., 
2001a; Barr et al., 2001b; Marquez et al., 2008), whilst others combined it with other 
groups (Barr et al., 2005). However, as waste reduction also works alongside recycling, 
this did not violate the concept. The link between attitudes and behavioural intention 
relating to recycling, which is explained by this component, could have been a policy 
implication. By forming environmental attitudes, behavioural intensions can be 
improved. However, there can be some other factors affecting the actual behaviours. 
Pakpour et al. (2014) also supported the relationship between recycling related attitudes 
and behavioural intentions found in the current study. Vicente and Reis (2007) have 
further grouped recycling related aspects. They obtained three components for recycling 
related attitudes (environment conservation, the pressure of social and personal norms 
and indifference). Ho’s (2002) study also yielded three components; perception of social 
pressure to recycle, perception of the ability to recycle and the attitude towards 
recycling. This shows that even small variations within recycling can be captured. 
 
Component 3: Behavioural intentions and attitudes related to composting 
All the composting related behavioural intentions and attitudes were loaded into this 
component (S13, S12, S11, S10). The statements which were loaded into this 
component proved that there is a relationship between behavioural intentions and 
composting related attitudes. The attitudes relating to lack of time available for 
composting (S11) and availability of space for composting (S12) shows the connection 
with behavioural intention of making compost (S13). Again, inclusion of the awareness 
related to composting statement (S10) in this component signifies need of awareness 
programmes and incentives for household composting to form positive environmental 
attitudes and thereafter the behavioural intensions. Barr et al. (2005) also reported 
having all statements regarding attitudes and behaviours of composting within one 
component. 
 
The resultant main component for awareness, in other words awareness and attitude, 
shows the linkage between the awareness/knowledge of the people and their attitudes. 
Again, having another two components for behavioural intentions and attitudes relating 
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to composting and recycling explains the difference between the efforts required for 
those two activities. The difference of the need for facilities, incentives and awareness 
programmes for these two activities may also be the reason behind having two 
categories for these two activities. These two components especially show the linkage 
between attitudes and behavioural intention. However, there can be many more factors 
affecting the link between behavioural intention and actual behaviours. Again, it is 
difficult to categorize self-stated behaviours in a Likert scale exactly as true behaviour 
or behavioural intentions due to the nature of responses. Therefore, they were 
categorized under intensions in this study. Barr et al. (2001a) deducted that same factors 
would affect both behaviours and intensions. Having said that, the following diagram 
(Figure 4.8) can be drawn to show how SSWM behaviours are developed. Again, these 
links are not as simple as seen and there can be many hidden factors affecting. Some of 
them can be sufficient facilities, rules and regulations, economic incentives and many 
more reasons. 
 
 
Figure 4.8: Linkage between attitudes, awareness and behavioural intention in 
participating SSWM practices  
 
As human attitudes, perceptions and intentions are always complex in nature, these 
results only offer a way of understanding the way people think and behave in the 
particular sample of households, rather than providing the grounds to develop a theory. 
However, the findings of this study provide invaluable insight into the body of 
knowledge by showing the different aspect of the links between awareness, attitudes 
and behavioural intentions relating to SSWM practices among households.  
 
4.3.3. Awareness, attitudes and behavioural intentions relationships  
The correlation analysis was undertaken for the AAB statements using waste generation 
and SE variables. However, these correlations were not strong enough to develop 
regression models, yet, the similar studies have developed regression models for 
attitudinal variables even with some non-significant independent variables. Considering 
the importance of AAB relationships, only the significant relationships of those studies 
were used to discuss the significant relationships in this study. 
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The education level of the respondent showed significant (P<0.1) positive correlations 
with most of the awareness statements (S1, S10, S14, S16) relating to SSWM practices. 
Pakpour et al. (2014) supported the current study findings of positive correlation among 
awareness statements and a respondent’s education level. However, not all the 
awareness statements were significant in the analysis. This may be due to the 
knowledge gaps regarding aspects of waste. De Feo and De Gisi (2010) also confirmed 
this weak relationship between awareness and education levels. However, these 
knowledge gaps regarding SSWM practices can be filled by virtue of awareness 
campaigns.    
 
Household income levels play a major role in participating in SSWM practices which 
needs more effort. The reported behaviours of recycling (S5) and composting (S13) in 
this study were significantly (P<0.1) and negatively correlated with income. These 
results coincide with the waste separation behaviour reported in Section 4.2.6. However, 
Afroz et al. (2011) found that middle income households in Bangladesh engaged in 
recycling more than any other income group. Again, in contrast to the current study 
findings, Barr et al. (2005) found that the lower recycling activities (non-
environmentalists) among low income groups in Devon, UK. Similar finding was also 
reported in Ethiopia (Tadesse, 2009). Even though the practices of recycling and 
composting found to be lacking among high income households in the current study, the 
awareness levels regarding waste reduction (S1) and attitudes regarding protecting the 
environment from waste (S19) were higher among high income households. This was 
proved by the positive correlations among income and those two variables (P<0.05). 
Higher awareness levels in higher income groups was supported by Omran et al. (2009) 
in their study in Malaysia. However, lack of time or interest can be the reason for above 
discussed negative correlations with engaging recycling and composting as they 
reported. Therefore, there is an attitude gap between awareness and behaviour 
intentions, as discussed in Section 4.3.2 (Figure 4.8). For this purpose, incentives and 
facilities have to be given in order to encourage SSWM behaviours even among high 
income groups.  
 
Job percentage within the family was positively correlated with most of the awareness 
statements significantly (P<0.1). This finding is in line with Omran et al. (2009). This 
can be explained by the possible higher education level that is needed in order to obtain 
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a job and the knowledge obtained from being exposed to society. Again, the positive 
correlation (P<0.05) between job percentage within a family and giving high score for 
the statement regarding the ‘lack of incentives for recycling’ (S4) is important to 
consider. This can be supported by the lower waste separations undertaken among 
households with a higher job percentage, as shown in Section 4.2.6. These findings 
point out the need to provide sufficient and convenient facilities for recycling in order to 
encourage these practices even among the busy households. 
 
The amount of land area owned by a household showed, as expected, a significant and 
positive correlation (P<0.05) with composting behaviour (S13). This was also supported 
by the regression model developed for organic waste separation practices described in 
Section 4.2.6. On the other hand, whilst having a positive relationship with recycling 
behaviour (Section 4.2.6), households with a large land area complained of a lack of 
sufficient encouragement to recycle (S4), (P<0.1). Even though these households have 
enough space for storing separated recyclable waste, a proper recyclable waste 
collection service is vital as an encouragement in order to obtain the support of 
households. However, this result has not previously been described by using the 
attitudes of the households. 
 
The amount of waste separation behaviour within a family was significantly (P<0.05) 
and positively correlated with most of the awareness, attitudes and behaviour statements 
(S5-S13). Previous studies have also reported a positive relationship between waste 
related attitudes and actual waste separation behaviour (Lee & Paik, 2011; Sterner & 
Bartelings, 1999). This proves the linkage between behaviour and related awareness and 
attitudes. 
 
Some of the AAB statements (S3, S8, S12, S13) were significantly (P<0.1) and 
negatively correlated with a respondent’s gender. This shows a higher awareness and 
concern regarding waste related matters among female respondents. This finding 
corroborates the ideas of Barr et al. (2005), who suggested male respondents were non-
environmentalists and vice versa. A respondent’s age, (P<0.1), was significantly and 
positively correlated with reusing behaviour (S3). Pakpour et al. (2014) also obtained 
positive correlations between age and recycling behaviour. Even though they were weak 
and non-significant, current study also obtained same signs for recycling and 
composting related behaviours.  
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The attitude and awareness statements such as S1 (P<0.05), S2 (P<0.05), S4 (P<0.01), 
S12 (P<0.01), S14 (P<0.05), S15 (P<0.1) and S19 (P<0.01) were positively and 
significantly correlated to the quantity of DH waste. These correlations show the 
agreements on waste minimization, the harmful impact of burning plastic and fly 
tipping by the households who develop more waste for municipal collection. However, 
when it comes to recycling (S8, S9) and composting (S13), the quantity of waste 
showed negative correlations (P<0.01). Sterner and Bartelings (1999) support this 
finding by having a significant negative relationship between composting behaviour 
agreements and the quantity of waste being disposed of by way of municipal collection. 
These can be explained with reference to households’ perception regarding their waste 
generation and the possible difficulties in taking their waste to a recycling centre or 
composting it. Omran et al. (2009) found that the distance to recycling centres and a 
lack of sufficient facilities were reasons for not recycling. Therefore, LAs need to 
provide convenient facilities for recycling. 
 
Due to the self-reported nature of the answers, the real situation can be different from 
the answers given to the 19 statements. Further, the findings of the different studies 
were area and situation specific. As a result, the findings of one study area cannot 
necessarily be transferred to another area. However, the insight provided by these 
correlations is useful in understanding households’ AAB in relation to SSWM practices. 
As Post (2007) explained, only having positive environmental attitudes is not sufficient 
to engage in SSWM practices. Therefore, providing facilities and well-structured 
programmes, along with awareness campaigns, are essential.  
 
4.4. Household preference for a waste collection service 
4.4.1. Descriptive statistics 
The CE method helps us to understand households’ preferences for an improved waste 
collection service. This is the first study conducted in Sri Lanka to obtain household 
preferences for a waste collection service. The average monthly fee obtained using CE 
data was Rs. 72.50 with a standard deviation of 98.494. The frequency distribution of 
the 18 choices is presented in Table 4.18. All the 18 options were selected by at least 
one respondent and therefore proved that all the choices were meaningful. 
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The results showed that the most preferred option for a waste collection service was 
‘recyclable waste separated, three times per week collection frequency and zero charge 
per month’. This also represents the option with the highest utility in the choice set for 
an environmentally conscious person as it includes waste separation along with the 
highest waste collection frequency and a zero charge. According to Othman (2002), this 
higher preference highlights the fact that most households want to be environmentally 
friendly within their profit maximization level. It was also understandable that, due to 
low utility, the lowest percentage of respondents opted to select communal bin 
collections with a charge of Rs. 300 per month. The previous studies also agree with 
these findings by showing satisfactory levels of votes for improved conditions with 
household waste separation (Czajkowski, Kądziela & Hanley, 2014; Jin et al., 2006; Ku 
et al., 2009; Othman, 2002; Tarfasa, 2007). 
 
Table 4.18: Frequency distribution of the 18 choices 
No. Choice description Frequency Percentage 
1 Mixed waste, two times door-to-door, Rs.0  39 13.0 
2 Separate recyclables, communal bin, Rs. 150 11 3.7 
3 Mixed waste, two times door-to-door, Rs.0 6 2.0 
4 Separate recyclables, communal bin, Rs. 300 1 0.3 
5 Separate recyclables, three times door-to-door, Rs.150 19 6.3 
6 Mixed waste, three times door-to-door, Rs. 150 11 3.7 
7 Separate recyclables, three times door-to-door, Rs.0 58 19.3 
8 Separate recyclables, two times door-to-door, Rs.0 15 5.0 
9 Mixed waste, communal bin, Rs. 300 1 0.3 
10 Mixed waste, three times door-to-door, Rs.300 4 1.3 
11 Separate recyclables, two times door-to-door, Rs.150 29 9.7 
12 Separate recyclables, communal bin, Rs.0 19 6.3 
13 Mixed waste, communal bin, Rs. 150 12 4.0 
14 Separate recyclables, three times door-to-door, Rs.300 11 3.7 
15 Mixed waste, three times door-to-door, Rs.0 43 14.4 
16 Separate recyclables, two times door-to-door, Rs.300 4 1.3 
17 Mixed waste, communal bin, Rs. 0 8 2.7 
18 Mixed waste, two times door-to-door, Rs.150 9 3.9 
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4.4.2. Choice model estimation 
This section presents the significance of the Cox regression model estimated to elicit the 
households’ preferences for the features of a waste collection service in the DMMC 
area. According to the three tests of; the Likelihood ratio, Score and Wald statistics 
(Table 4.19) Chi-Square values were obtained with a high level of significance 
(P<0.0001). Due to the likelihood ratio test, the null hypothesis, which states that 
estimated parameters are equal to zero, was rejected. This can be explained as the model 
was significant and had a strong relationship between choices and their attributes. 
 
Table 4.19: Global null hypothesis tests (H0: β=0)  
Test Chi-Square Pr>ChiSq 
Likelihood ratio 179.75 <0.0001 
Score 168.11 <0.0001 
Wald 141.73 <0.0001 
 
Table 4.20 presents the parameters of multinomial logit model. The estimated 
coefficients of the model were calculated relative to the reference levels. The reference 
levels were presented with zero in the estimated model. Other coefficient values show 
values relative to the particular reference level.  
 
Table 4.20: Analysis of maximum likelihood estimates  
Parameter Estimate Pr>ChiSq 
Separated waste collection   
Yes 0.22314 0.056 
No 0 - 
Waste collection frequency and method   
Three times per week door-to-door 1.02549 <.0001 
Two times per week door-to-door 0.65393 <.0001 
Anytime to a communal bin  0 - 
Monthly fee (Sri Lankan Rupees)   
300 -1.93486 <.0001 
150 -0.68210 <.0001 
0 0 - 
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According to the results, the estimated coefficient (part worth utility) was 0.22314 for 
the option of a ‘separated waste collection’ compared to a ‘mixed waste collection’. 
This shows the self-motivation and environmental friendliness of households in the 
DMMC area. It is an interesting finding that households, even with busy urban 
lifestyles, are keen on green waste management options. Out of 300 households 55.66% 
opted for source separated waste collection service option regardless the payment. This 
finding is also in line with 79.3% of households in the DMMC area practicing at least 
one type of waste separation (Section 4.2.5). These results are also consistent with the 
similar studies (Czajkowski et al., 2014; Jin et al., 2006; Othman, 2002; Tarfaza, 2007). 
On the other hand, Sakata (2007) found that when the numbers of separations were 
increasing (eg: 3, 11, 21), households’ utility decreased. In the light of these findings, it 
is possible to hypothesize that households’ support can be expected for waste separation 
when a number of separations are lower. This finding can be used to draw the attention 
of policy makers, waste management authorities and the DMMC to offer separate waste 
collection service for recyclables. As Czajkowski et al. (2014) suggested, this finding 
can also be used to introduce a WCC or increase the waste collection fees for mixed 
waste disposal in order to encourage the separation of recyclable waste at household 
level. 
 
As the frequency of waste collection is attached to the utility of the service, more 
frequent collections are preferred from the households’ perspective. For waste 
collection frequency, the ‘three times per week, door collection’ option obtained the 
highest positive value of 1.02549 which was higher than the ‘two times a week, door 
collection’ option (0.65393). The highest preference for the highest frequency in the 
choice set stated that their higher preference was to receive high frequency waste 
collections. On the other hand, the lowest probability was obtained for selecting 
communal bin disposal. Even though the bin option was considered as ‘anytime 
disposal’, in which there was no need for households to wait until a waste collection 
vehicle came to dispose of their waste, this attracted the lowest preference and shows 
that households have other reasons to underestimate it. These reasons could be the time 
and effort that is needed to take the waste bags to the bin (compared to door-to-door 
collection) and the bad odour and pest nuisance caused by overloaded bins that are not 
emptied regularly. This finding shows the high preference for a door-to-door/kerbside 
waste collection service. Higher preference for the options with higher collection 
frequency was also seen among the previous studies (Das et al., 2008; Naz & Naz, 
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2005; Othman, 2002). These findings can be concluded as the households’ expectation 
for a satisfactorily sufficient and convenient waste collection service. However, 
improving the waste collection service is a cost to the LAs as well. Therefore, the 
attribute levels can be designed later by the decision makers on the basis of the market 
and other factors.  
 
For the monthly payment attribute, households’ likelihood estimates were negative for 
the two values over zero. These negative values for Rs. 300 and Rs. 150 monthly fees 
(Sri Lankan Rupees) showed the negative preference compared to a zero monthly 
payment which was the reference value in the analysis. The resultant negative 
preference for increased charge levels were also reported by the previous studies 
(Boyer, 2006; Czajkowski et al., 2014; Das et al., 2008; Jin et al., 2006; Karousakis & 
Birol, 2008; Ku et al., 2009; Naz & Naz, 2005). Having the highest negative value for 
the Rs. 300 monthly payment (compared to Rs. 150) indicated the lowest preference for 
Rs. 300 out of all the levels of the payment attribute. The zero monthly fee was the 
highest preferred option. However, 38.2% of the respondents selected options with a 
positive payment level, as opposed to the zero payment as in the current situation, in 
order to obtain an improved service. This finding is in agreement with Othman (2002) 
who obtained satisfactory levels of votes for improved conditions even with an increase 
in payment. By considering these insights, introducing a WCC can be justified in order 
to finance the LAs (to provide a better service) and encourage waste separation in order 
to reduce the mixed waste load needing to be disposed of. 
 
4.4.3. Probability of choices 
Table 4.21 presented the probability of selecting a particular choice option from the 
given 18 choice options. The equation 3.7 in the methodology (Section 3.1.3) and 
parameter estimates presented in Table 4.20 were used to estimate these probabilities. 
The most preferred option, as mentioned above, was “recyclable waste separated, three 
times per week collection frequency and zero charge per month”; this showed the 
maximum probability of 0.406139. This combination of the levels of attributes also 
represents the highest part-worth options as in Table 4.20. The probability of the second 
most preferred option, which was “mixed waste, three times per week collection 
frequency and zero charge per month”, was 0.324912. Other than the recyclable waste 
separation undertaken by households in the most preferred option instead of mixed 
waste in the second most preferred option, the other features (frequency and payment) 
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were the same. However, the former represents the environmental consciousness of the 
households while the latter does not. These probability values can assist the policy 
makers.  
 
Table 4.21: Probability of choices  
No. Separation Frequency Payment probability 
1 Mixed waste two times door-to-door Rs.0 0.224078 
2 Separate recyclables communal bin Rs.150 0.073634 
3 Mixed waste two times door-to-door Rs.0 0.032367 
4 Separate recyclables communal bin Rs.300 0.021038 
5 Separate recyclables three times door-to-door Rs.150 0.073634 
6 Mixed waste three times door-to-door Rs.150 0.164261 
7 Separate recyclables three times door-to-door Rs.0 0.406139 
8 Separate recyclables two times door-to-door Rs.0 0.280097 
9 Mixed waste communal bin Rs.300 0.016831 
10 Mixed waste three times door-to-door Rs.300 0.046932 
11 Separate recyclables two times door-to-door Rs.150 0.141604 
12 Separate recyclables communal bin Rs.0 0.145650 
13 Mixed waste communal bin Rs.150 0.058907 
14 Separate recyclables three times door-to-door Rs.300 0.058665 
15 Mixed waste three times door-to-door Rs.0 0.324912 
16 Separate recyclables two times door-to-door Rs.300 0.040458 
17 Mixed waste communal bin Rs.0 0.116520 
18 Mixed waste two times door-to-door Rs.150 0.113284 
 
 
4.5. Household willingness to pay for a waste collection service 
4.5.1. Descriptive statistics 
The frequencies of WTP are presented in Table 4.22. Only 67% of the sample 
households were positively willing to pay for the given waste collection service. 
However, one third of the sample revealed a WTP of zero. Most of the households, next 
to zero value, have agreed to pay Rs. 10.  
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Table 4.22: Frequency distribution of the WTP values  
WTP (Sri Lankan Rupees) N % 
0 99 33.0 
1-4 4 1.3 
5 54 18.0 
6-9 3 1.0 
10 64 21.3 
15 12 4.0 
20 39 13.0 
25 5 1.7 
30 9 3.0 
50 11 3.7 
 
As the zero values were important in revealing households’ demands for a waste 
collection service, they were not ignored in this analysis. The reasons for this are 
discussed in the following section. According to the results, the average WTP was Rs. 
9.49 with a standard deviation of 11.268. As this is the first attempt in revealing 
households’ demands for an improved waste collection service in Sri Lanka, the results 
were compared with the relevant studies in the literature. The percentage of positive 
WTP values was compatible with the findings of the previous studies. A higher 
percentage (90%) of positive WTP resulted in a waste collection service valuation study 
being carried out in Addis Ababa, Ethiopia (Amiga, 2002). Altaf and Deshazo (1996) 
also showed that a higher number (80%) of households in Gujranwala, Pakistan were 
willing to pay for an improved waste collection service. A similar study carried out in 
Kathmandu, Nepal obtained 80% of household’s WTP for an improved service 
(Bhattarai, 2002). As reported by most of the relevant studies, the percentage of the zero 
bids was not that much higher as in the current study. However, the finding of 70.3% of 
positive bids obtained for an improved waste collection service in Kuala Lumpur, 
Malaysia goes close with the current study (Afroz & Masud, 2011). Having higher 
amount of zero bids in DMMC area is understandable as the waste collection service is 
in the service package, towards which households are currently paying council tax. 
However, having 67% of WTP values over zero can be considered as a positive sign of 
the possibility of obtaining the necessary support (extra payment for the necessary 
improvements) from the public when such a charging system is introduced.  
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The average WTP value per 5kg bag represents 0.027% of the average monthly income 
of the sample households in the DMMC area (Rs. 34,210.00). The average monthly 
valuation for the given waste collection service was also calculated by multiplying the 
average WTP for a waste bag, Rs.9.49, by the average number of 5kg waste bags per 
household per month (estimated by dividing the monthly household waste by 5), 9.98 
bags. According to the results, an average household was willing to pay Rs. 95.79 per 
month, which was 0.28% of average monthly income, on an improved waste collection 
service. This share represents a small amount of their monthly income. In that sense, 
households’ agreement for a charge system can be expected in the real market as well as 
in the hypothetical market. According to the experience of some other countries, 
households were willing to pay considerable shares of their monthly income for an 
improvement in the waste collection service. The shares of the average monthly income 
were; 1.7% from a double bounded dichotomous choice method in Kuala Lumpur, 
Malaysia (Afroz & Masud, 2011), 0.99% from a closed ended with follow up format in 
Addis Ababa, Ethiopia (Amiga, 2002), 0.52% from an open ended format in Mekelle 
city, Ethiopia (Hagos et al., 2012) and about 0.13% from an open ended format in 
Malaysia (Pek & Othman, 2010). As different elicitation methods were used in those 
previous studies, there can be an effect of the elicitation format on WTP values as well. 
However, the current study’s findings fall within the range of shares in the above 
mentioned studies.  
 
4.5.2. Treating zero responses 
The reasons behind the zero responses are very important in order to understand 
households’ decision making process. In this sample 100% of households stated that 
they were interested in having an improved waste collection service. Coffey and Coad 
(2010) stated that this expectation was common to all income groups. Therefore, the 
33% of zero bids describes the preference of those respondents’ to get the given service 
as a free service. Further, Coffey and Coad (2010) suggested that this reluctances of 
WTP as a sign of lack of confidence of the households regarding receiving a better 
service. Having zero WTP values was also reported by the previous studies as well 
(Afroz & Masud, 2011; Jin et al., 2006; Jones et al., 2010; Murad,  Raquib & Siwar, 
2007; Othman, 2002; Rahji & Oloruntoba; 2009; Sumukwo et al., 2012). Zero 
responses cannot be avoided from a stated preference valuation task, especially when 
asking for the valuation of a good or service that is supposed to be offered free of 
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charge. These zero responses can be “do not know” responses, genuine zero bids, 
unaffordability responses or protest bids (Alvarez-Farizo et al., 1999).  
 
According to Amiga (2002),  Brown et al. (1996) and, Pek and Othman (2010), the 
possible pressure in revealing a value for a particular good or service in this method can 
increase the “do not know” bids. However, the similar studies undertaken in the field of 
waste collection charges also prove that respondents did not show any difficulty in 
providing a valuation for a waste collection service (Afroz & Masud, 2011; Johns et al., 
2010). The current study finding was also in line with these studies by not having “do 
not know” responses obtained in the data set. Therefore, those who reported zero bids 
(33.0%) were attributed to genuine zero valuation of the given waste collection service, 
unaffordability and protest bids.  
 
Some respondents (14.1% of zero bids) valued the given service as zero by valuing the 
attached features of the given service. The reason for these genuine zero bids can be that 
the given service features is same or lower than the current service. As mentioned in the 
methodology, the DMMC offers varying levels of services as in anywhere in Sri Lanka. 
As a result, some respondents are already receiving a three times per week, daily waste 
collection service and/or door-to-door collection. This type of ‘genuine zero valuation’ 
was obtained and included in the analysis by many of the previous studies (Afroz & 
Masud, 2011; Amiga, 2002; Jin et al., 2006; Jones et al., 2010; Murad et al., 2007; 
Sumukwo et al., 2012).  
 
Another 38.3% of the zero bids were resulted due to unaffordability. The previous 
studies in the literature have also considered unaffordability zero bids in their analyses 
(Afroz & Masud, 2011; Alvarez-Farizo et al., 1999; Jin et al., 2006; Jones et al., 2010; 
Murad et al., 2007; Pek & Othman, 2010; Rahji & Oloruntoba; 2009; Sumukwo et al., 
2012). The effect of the economic power of households’ on WTP values is very 
important for policy decisions. Therefore, it is useful to include this type of zero bids in 
the analysis especially when introducing a charging method for waste collection in a 
country for the first time. As the reported relationship between the quantity of waste and 
income of a household was positive (Section 4.2.2), poor households producing a lesser 
quantity of waste will face lower costs in a charged waste collection service. Further, 
the resultant negative relationship between income and waste separation also shows that 
low income household separate the waste more than high income households. 
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Therefore, a unit based (bag based in this case) waste collection service can be applied 
with a lesser burden to less affluent households. 
 
The 47.4% of the respondents with zero bids stated that it was the government’s 
responsibility to provide an efficient waste collection service free of charge; these were 
labelled as protest bids. These protest bids were obtained as a result of households’ 
beliefs and expectations that the LA should supply an efficient waste collection service 
using the ‘Council tax’. As the current tax level is unable to cover the full cost of all the 
services provided by the LAs in Sri Lanka, as is the case in many developing countries, 
the current waste collection service is inefficient. In that sense, these protest bids seem 
to be a barrier in introducing a paid waste collection service. However, the real 
valuation in the real situation can be different from the hypothetical market valuations 
(Brown et al., 1996). Peoples’ valuation is not static and can change due to incentives 
and particular situations.  According to Brown et al. (1996), when a service or a good is 
priced in a real situation and non-payment causes exclusion, most of the people even 
who gave the protest bids in a hypothetical situation tend to pay for it. This ‘free-riding’ 
behaviour was well-explained in the literature (Brown et al., 1996; Carson & 
Hanemann, 2005; Jones et al., 2010; Venkatachalam, 2003). According to these studies, 
a person’s belief that their positive answers may cause the charging system a reality in 
which they actually will have to pay, cause ‘protest bid’ behaviour. Therefore, the 
respondents who protest about the charging for a waste collection service will also end 
up paying some amount of money in a real situation when the service is only provided 
to those who pay. Further, considering protest bids makes the valuation more 
meaningful as this is the first time a study has attempted to design a charging system for 
waste collection services in Sri Lanka. For these reasons, including protest bids in the 
calculation is important. Some of the studies in the literature also included protest bids 
in their analyses (Jin et al., 2006; Jones et al., 2010; Murad et al., 2007; Sumukwo et al., 
2012).  
 
In order to get maximum support from households and to successfully design a waste 
collection service charge, households’ valuations are needed so that consideration 
should be given to all the values.  For this reason, all these three types of zero bids were 
considered in the analysis.  
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4.5.3. Estimation of willingness to pay function 
In order to explore the relationship among WTP and the SE variables of the 
respondents, WTP function was estimated. Pearson’s correlation coefficient was 
estimated before the regression analysis in order to understand the relationships. The 
insignificant independent variables were dropped in the second run of the regression 
analysis to improve the model. The improved regression model is presented in Table 
4.23.  
 
This model explained 27.3% of the variations in WTP values of the sample households’. 
The F value was highly significant at the level of 0.01%, which indicated that the 
estimated model was suitable to describe the assumed relationship. The 
multicollinearity issue was not present among the independent variables. Even though 
modelling the WTP values against SE variables is popular in the literature, inclusion of 
the features of the current waste collection service as independent variables were not 
common. Therefore, this attempt is useful especially when, in the current situation, 
households are receiving varying levels of services. 
 
Table 4.23: Regression model for WTP values 
Variables Coefficient t value 
Constant 6.93*** 3.789 
Monthly income of a household (Sri Lankan Rupees) 0.00029*** 9.236 
Daily family total waste generation -0.0042*** -4.469 
Vehicle collection  -2.34** -2.071 
Once a week waste collection  6.84*** 3.557 
Twice a week waste collection  2.82** 2.339 
Age of the respondent over 60 years  -2.56* -1.741 
* P<0.1 ** P<0.05 ***P<0.01 significant levels 
Dependent variable = WTP for a 5kg waste bag 
Adjusted  R2 value = 0.267 
F value = 19.171, p<0.01 
 
The resultant WTP function is as follows, 
 
WTP = 6.93 + 0.00029Income – 0.004Quantity – 2.34Vehicle + 6.84Once + 2.82Twice              
              (1.829)      (0.000031)                  (0.001)                        (1.131)              (1.924)              (1.209) 
-2.56Age 60                     (4.1) 
     (1.470) 
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where; 
Income  = Household monthly income 
Quantity = DH waste quantity 
Vehicle = Vehicle collection  
Once    = Once a week waste collection 
Twice   = Twice a week waste collection 
Age 60 = Respondent’s age over 60 years 
 
The positive relationship between WTP and household monthly income can be 
described using the higher economic power of wealthy households’. According to the 
model, a 1% increase in the monthly income of a household increased 0.00029% of the 
WTP value for a waste bag. To obtain an efficient service, high income households may 
be willing to pay more than households with a lower income. The relevant studies in 
other developing countries have also found the same relationship relating to household 
income (Alvarez-Farizo et al., 1999; Bhattarai, 2002; Hagos et al., 2012; Rahji et al., 
2009; Roy, Deb & Mazumder, 2013; Sumukwo et al., 2012; Sterner & Bartelings, 1999; 
Tamura, 2005). The coefficient value of the income variable in the regression model 
was very small due to the very lower percentage of income that was given as WTP 
value. This shows their WTP with a lesser burden, hence positive support for the WCC. 
By considering the fact that high income households produce more waste (Table 4.1) 
and separate low amount of waste (Table 4.8), a bag based WCC can be justified. 
Therefore, by having higher WTP values from high income households, this scheme can 
be expected to be successful. Coffey and Coad (2010, p.116) also prove this argument. 
Further, higher waste separation can also be expected due to the quantity based nature 
of the suggested charge.  
 
Even though it was not included in the regression model, a significant positive 
correlation (r=0.127 P<0.05) was obtained between the percentage of household 
members doing jobs and WTP for a waste bag. Roy et al. (2013) supported this finding 
by having a higher WTP values when the percentage of people employed increases in 
households in Assam state, India. This can be explained by the household with more 
jobs, means more money but lesser time, having a higher demand for an efficient waste 
collection service to ease some of the hardships related to waste disposal in their busy 
schedule. This also coincides with the positive correlation between respondent doing a 
job (r=0.117 P<0.05) and WTP. This finding can also be explained by the higher 
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financial power of the respondent doing jobs to state higher WTP values than people 
who are not in employment. Murad et al. (2007) also discovered a similar relationship 
in Kuala Lumpur, Malaysia. 
 
Some of the relevant studies in the literature found a negative correlation between age 
of the respondent and the WTP value (Bluffstone & Deshazo, 2003; Hagos et al., 2012; 
Niringiye & Omortor, 2010; Sterner & Bartelings, 1999; Sumukwo et al., 2012). The 
findings observed in this study also mirrored this relationship by having a negative 
relationship with the age of respondent over 60 years in the regression model. 
According to the model, for a 1% increase of this variable the WTP decreases by 2.56%. 
In most households, when the respondent is over 60 years of age their decision-making 
power decreases along with their financial power. This can be expected as, in Sri Lanka; 
most of the older people are having lower financial power and living with their 
children’s families. 
 
Even though the education level of the respondent was not included in the regression 
model, the variable of respondent having  Advanced Level or higher education showed 
a significant positive correlation with WTP values (r=0.262 P<0.01). This was 
compatible with the relevant studies in the literature (Bluffstone & Deshazo, 2003; 
Hagos et al., 2012; Murad et al., 2007; Niringiye & Omortor, 2010; Rahji et al., 2009; 
Roy et al., 2013; Sumukwo et al., 2012). These studies explained this as a sign of 
environmental friendliness amongst the respondents, for paying more for environmental 
friendly option, by assuming that the level of education was an indicator of 
environmental friendliness. However, this can also be explained by the ability of 
education to have a better job with good salary hence willing to pay more.  
 
Other than the SE variables, current waste generation, separation and disposal practices 
also affect the WTP values. The resultant relationship between waste quantity and WTP 
was negative. According to the regression model, a 1% increase of the quantity of waste 
disposed to the municipal collection service decreased the WTP value for a bad by 
0.0042%. However, there is a contradiction in the literature with regard to having both 
negative (Afroz & Masud, 2011; Othman, 2002) and positive relationships (Amiga, 
2002; Hagos et al., 2012; Niringiye & Omortor, 2010) for waste quantity and WTP 
values. The resultant negative relationship can be explained by the effect of their 
perception of their quantity of waste generated and the self-estimation of the resultant 
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total cost, hence paying less for a unit of waste. To manipulate this variable, a 
reasonable amount of charge level can be introduced with more facilities for waste 
recycling.  
 
The relationship between quantity of waste separation and WTP value found to be 
significant in the correlation analysis (r=-0.127 P<0.05). When the quantity of waste 
separation increased, the WTP decreased. This finding was compatible with the finding 
of the study undertaken by Sterner and Bartelings (1999) for Sweden. When households 
separate more types of materials, they may be disposing those separated waste in other 
ways rather than giving it to municipal collection. In that sense, the households who are 
separating more material types and recycling seem to be valuing the waste collection 
service lower than other households. Furthermore, the time they were already spending 
on waste separation can also be a reason for paying lesser amounts.  
 
Interestingly, respondents who have stated their preference for a separated waste 
collection system in the CE question showed a positive correlation with WTP for the 
given service (r=0.161, p<0.01). This can be considered as an indication of their 
environmental friendliness. Some studies have found a positive relationship with 
environmental friendliness and WTP. Hagos et al. (2012) used two variables of 
preference for waste separation and recycling and environmental awareness, and found 
a positive correlation. Roy et al. (2013) used environmental awareness instead and also 
found a positive correlation. Bluffstone and Deshazo (2003) again found a positive sign 
for WTP by using two variables which represented environmental friendliness.  
 
Notwithstanding the above discussed variables, the features of the current waste 
collection service can also affect households’ demand for WCC. The resultant negative 
relationship of vehicle collection shows their preference for a convenient service. For a 
1% increase of the vehicle collection service WTP decreased by 2.34% due to the 
model. The households who are used to take their waste to a vehicle may be unwilling 
to pay more as they may have underestimated the door-to-door collection method with a 
charge. This can also be proved by the correlation of (r=0.232 P<0.05) respondents who 
receive a door-to-door collection service agreed to pay more to get the service 
continuously. The door-to-door waste collection variable was also found to be positive 
for WTP values in Tamura’s (2005) study in Ghana. The results further showed that 
when the collection frequency was lower (once or twice a week), households were 
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willing to pay more for the given service with three times per week waste collection 
frequency. According to the model, for a 1% increase in once a week waste collection 
variable the WTP was increased by 6.54% while 1% increase of twice a week waste 
collection variable made 2.82% increase of the WTP value. This may be due to their 
dissatisfaction with the current situation and their willingness to receive a better service. 
Furthermore, the negative correlation (r=-0.212 P<0.01) of the ‘every other day’ 
collection service and WTP value can be explained by the satisfaction for the current 
service. This argument is also consistent with the findings of Hagos et al. (2012) 
regarding households who receive an unsatisfactory service are willing to pay more in 
order to receive a better service. 
  
4.5.4. Elasticity of income and waste quantity 
The elasticity of the monthly income of a household and the quantity of DH waste were 
calculated by the variables of log income and log quantity of waste using the regression 
model. The categorical variables were used as dummy variables in the model are vehicle 
collection, once a week waste collection, twice a week waste collection and the age of 
the respondents over 60 were not used when developing the log converted model. The 
developed regression equation is presented below. 
 
WTP = – 1.476 – 0.34 log DH waste quantity + 0.62 log monthly income             4.2 
 
According to the results, the income elasticity of WTP was 0.62. This suggests an 
inelastic relationship between WTP and the monthly income of a household. Therefore, 
a 100% increase in the income of a household will only be responsible for a 62% 
increase in WTP value. Although this was inelastic, this shows some sensitivity of the 
changes in the monthly income of a household on WTP values. The findings of the 
previous studies also showed an inelastic effect in relation to income. These were; 0.28 
for Kathmandu, Nepal (Bhattarai, 2002), 0.22 for Yunnan, China (Wang, He, Kim & 
Kamata, 2011) and 0.42 for Siena, Italy (Basili et al., 2006).  
 
Elasticity of the quantity of DH waste was -0.34. This estimate indicates an inelastic 
demand for the quantity of waste, which results in only a 34% decrease of the WTP in 
respect of the 100% increase in the quantity of DH waste.  However, similar studies 
with elasticity estimations for quantity of waste were not to be found. 
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4.5.5. Aggregating the willingness to pay values 
Even though the average WTP value for a waste bag of Rs. 9.49 in the given 
hypothetical situation represents a very small percentage of the households’ income, 
this will result in a higher income to the DMMC which they can then use to improve the 
current situation. When this amount is converted to monthly figure using equation 3.12 
(Section 3.1.4), the total WTP value for the given waste collection service per month in 
the DMMC area is approximately Rs. 4,573,460.84. This value also represents the total 
valuation of the given improved waste collection service.  
 
4.5.6. Validity and Reliability 
As mentioned in the methodology, the content validity was ensured in developing the 
survey methods. The convergent validity and the reliability of the CVM method was 
examined by comparing the payment value obtained from the CE question with the 
WTP per 5kg waste bag in the CVM question.  
 
For this purpose, monthly charge obtained from CE was converted to that of 5kg waste. 
First, one week waste quantity of a household was converted (multiplied by 4) to 
monthly waste load. Then monthly waste load was divided by 5 to estimate the number 
of 5kg waste bags developed per month by a particular household. The average number 
of bags produced by households was equal to 9.98 per month. The average household’s 
monthly payment in the CE question (Rs.72.50) was then divided by the number of 
average waste bags produced by a household to obtain an indirect valuation using CE. 
According to the result, their indirect valuation for a waste bag in CE was Rs. 7.26, 
which was a bit lower than that of the CVM (Rs. 9.49). Yet, very close to each other. 
 
The utility of the CVM question in the current study was related to a three times per 
week waste collection, a mixed and recyclable waste collection, and a door-to-door 
(including kerbside) collection method of waste collection. On the other hand, the 
highest preference from the CE question was obtained for similar features such as; a 
source separated waste collection, a door-to-door method and a three times per week 
waste collection. As discussed in Section 2.3.3, the obtained higher value in CVM 
compared to CE question can be attributed to the exact value revealing nature in an 
open ended elicitation format used for CVM question in this study. Othman (2002) 
supported the current findings by having a lower value for CE results compared to 
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CVM. Even though Jin et al. (2006) found a higher value for the CE question compared 
to the CVM question, they stated that there was no significant difference between the 
results of the two methods. Therefore, by having a CE value (Rs. 7.25) close to the 
CVM value per 5kg bag, the convergent validity of the average WTP value of CVM 
(Rs. 9.49) can be proved. As mentioned in the methodology (Section 3.3.5), reliability 
of the CVM question can also be proved by having closer values using these two 
valuation methods.   
 
The developed regression models, as discussed in the sections of waste generation, 
composition, waste separation, AAB, and WTP were, as expected, also consistent with 
the sign of the variables. This also shows the theoretical validity of the methods used in 
this study. These relationships were also supported by similar studies in the literature as 
discussed above in the particular sections.  
 
4.6. Developing of the Waste Collection Charge 
Designing the waste collection charge is important in order to encourage waste 
minimization and sustainable practices whilst generating an income to the LAs in order 
to provide a better service. However, according to the Local Government ordinances of 
Sri Lanka, levying a fee for some services, including waste collection, was banned. 
Nonetheless, for many years the relevant policy makers have identified the need to price 
waste collection. Further, the need of implementing a collection charge for household 
waste has been identified by the Sri Lanka “National Strategy for Solid Waste 
Management” in 2000 (UNEP, 2001b). The need to amend the act in order to facilitate 
the pricing of garbage was also suggested by the “State of Environment –Sri Lanka” 
(MENR, 2008; UNEP, 2001b). However, a charging method for HSW has not been 
designed so far.  
 
As discussed in Section 2.4.4, lack of data and a method to determine the charge level 
with minimum data and fear of public protests due to non-consideration of general 
public demand (WTP) makes rare use of WCC in many developing countries. In that 
note, consideration of the total cost of HSW management and WTP of households is 
suggested by this study to determine the charge level.  
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4.6.1. Willingness to pay for the waste collection service 
As no such unit based payment for waste collection service have been used in Sri Lanka 
before, considering households’ WTP is very important. The average WTP obtained 
from CVM directly for a 5kg bag was Rs. 9.49. The households’ demand for WCC was 
obtained as the maximum WTP for collecting a 5kg mixed waste bag with the given 
service features. The average WTP by different income groups are presented in Table 
4.24. This helps the policy makers to understand the effect of WCC for society. Coffey 
and Coad (2010, p.116) also stated that the willingness of all the income groups to pay 
for better waste collection service in many countries. 
 
Table 4.24: Income distribution of the WTP values 
Household 
income (Rs.) 
N Minimum 
WTP (Rs.) 
Maximum 
WTP (Rs.) 
Average      
WTP (Rs.) 
Percentage 
< 9999 23 0 10 4.09 7.7% 
10000-19000 54 0 30 5.98 18.0% 
20000-29000 68 0 30 6.31 22.7% 
30000-39000 61 0 50 10.20 20.3% 
40000-49000 43 0 30 8.91 14.3% 
50000-59000 21 0 50 20.48 7.0% 
60000-69000 10 0 50 14.50 3.3% 
70000-79000 6 0 50 22.50 2.0% 
80000 < 14 0 50 20.36 4.7% 
 
 
4.6.2. Total cost of waste collection and disposal 
Estimating the total cost of waste management is complex and difficult to achieve, 
especially due to the unavailability of required data. Therefore, the social cost and 
environmental cost of HSW management have not yet been calculated in many 
countries. As a result, as discussed in Section 2.4.4, it is a common practice to consider 
only the operational cost of any waste management method in determining the charge 
level. This may not necessarily be close to the total cost due to the possible use of 
unsustainable waste management methods in many situations. To simplify this data 
need while considering the minimum effect on the society and the environment, the cost 
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of waste collection and transport, and cost of sanitary landfilling were used to be 
representative of the “total cost of HSW management” in the current study.  
 
Due to the fact that the DMMC is currently offering only a mixed waste collection 
(without a recyclable waste collection service) and unsatisfactory collection service 
features for most of the households (higher disparity of service) as previously discussed, 
the current cost of waste collection will not represent the cost of waste collection with 
three times per week door-to-door waste collection with recyclable and compostable 
waste collection service as planned in the suggested WCC. However, following reasons 
can be used to justify using average current cost of waste collection of the DMMC in 
order to calculate the collection cost of 5kg waste. Firstly, as the current collection cost 
represents an average collection frequency of three times per week (with minimum of 
once a week and maximum of daily waste collection) it will go close to the new cost of 
improved service (three times per week). Secondly, some part of the cost of current 
mixed waste collection turns can be replaced by the cost for recyclable and compostable 
waste collection turns, an increase of recyclable waste separation is expected in the 
suggested WCC. Therefore, inclusion of recyclable and compostable waste collection 
service will not increase the current cost considerably. Thirdly, considering the current 
waste collection cost represents cost of about 50% of the sample receiving door-to-door 
and kerbside mixed service and another 50% receiving vehicle collection, the new cost 
of providing a door-to-door service for all the households will only be slightly higher 
than the current cost (extra labour cost will be added). The actual data for estimating the 
cost of providing a door-to-door service is lacking. Fourthly, use of average cost of 
(1kg) current collection service avoids the issue of current low waste collection 
coverage as discussed in Section 4.2.8. For these reasons, average current collection 
cost was used as the cost of waste collection of improved service. Due to lack of 
sanitary landfills for the DMMC area the available cost figures were related to open 
dumping. Therefore, total cost of sanitary landfilling method, Rs.3440.00 per tonne of 
waste, was obtained from the estimation made by Menikpura et al. (2012) for Sri 
Lankan situation.  
 
Using the cost figures of the DMMC budget (Dehiwala – Mt. Laviniya Municipal 
Council, 2013), the waste collection cost per tonne was Rs. 3461.79. According to these 
cost figures, the total cost of waste management was calculated as Rs. 34.50 per 5kg 
bag (Table 4.25). 
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Table 4.25: Calculation of waste management cost  
Item Cost (Rs.) 
Waste collection cost of DMMC per tonne 3461.79 
Sanitary landfilling cost per tonne 3440.00 
Waste collection cost of DMMC per 5kg 17.30 
Sanitary landfilling cost per 5 kg 17.20 
Total cost of waste management per 5kg bag 34.50 
 
Use of the cost data of a similar situation was suggested by Canterbury and Hui (1999). 
Therefore, estimated cost figure in this study can also be used by other LAs in Sri Lanka 
in order to determine the charge level. The knowledge regarding the total cost of a least 
damaging method of waste management also helps the central government to finance 
the LAs sufficiently. 
 
4.6.3. The charge level for waste collection charge 
The total cost of HSW collection and disposal, which was Rs.34.50, was used as the 
charge level in order to internalize the cost of waste management. This figure can be 
rounded to Rs. 35 as the charge level for easy practice. WTP value for HSW collection 
from the perspective of households was Rs. 9.49, was smaller than the total cost. WTP 
value can be used by policy makers to subsidize low income households and to 
determine a lower charge level at implementing stage.  
 
More importantly, this charge for the mixed waste disposal includes, three times per 
week door-to-door waste collection with regular collection days and, free of charge 
recyclable and compostable waste collection service as well. Therefore, this scheme will 
ensure reduction of mixed waste disposal by encouraging SSWM practices in both 
household level and LA level. The expected reduction of mixed waste disposal under 
this charging scheme will make low demand for the landfills and hence save the land 
area in urban areas. The possible revenue from the WCC will allow the LA to provide 
an improved service which minimizes the environmental and social cost of waste 
management. This revenue will also encourage the LA to do more research and keep up 
to date data in order to provide a sustainable waste management in the urban areas. In 
fact, this charges level is not a permanent figure instead it should be changed by 
measuring the responses after the first application by policy makers.  
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4.7. Limitations of the study 
The main aim of this study was to design a WCC as a solution to the HSW problem by 
reducing the waste load to a manageable level through separation and recycling of 
waste. In order to design the charge level for the WCC, total cost of waste management 
and WTP of households were considered. However, due to the nature of stated 
preference valuation for a given hypothetical situation, the WTP value has limitations 
compared to a proper value in real situation (Mitchell & Carson, 1989). Nevertheless, to 
fill the vacuum caused by the lack of real market data and importance of considering the 
valuation of general public as a possible support for the WCC, WTP values can be 
justified. As reported earlier this study has achieved expected objectives of the 
study.  However, further research should be undertaken in order to address specific 
issues within the sector. 
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CHAPTER 5                                                                                                                                                                          
Conclusion  
 
5.1. Summary of Results 
Waste quantification and composition  
The average quantities of DH and DPC waste were estimated as 1783.3g and 404.5g 
respectively. These quantities can be extrapolated as 73.92 tonnes per day for the 
DMMC area. The determinants of the DPC waste quantity in the established model 
were found to be; the monthly income of a household, the number of members of a 
household and the level of education of members of a household, i.e., having an 
Advanced Level or higher level of education. 
 
Waste composition is comprised of: 85.6% organic; 4.9% paper/cardboard; 2.8% 
polythene/plastic; 0.7% glass; 0.9% metal; and 5.1% other waste types. Having a 
considerable amount of organic waste and packaging waste (9.3%) highlight the 
potential of composting and recycling. The monthly income of a household and the 
number of members of a household were found to be the determinants of the organic 
waste quantity model, while the monthly income of a household, the number of 
members, and number of household members with an Advanced Level or higher level 
of education were obtained as determinants of the packaging waste (paper, plastic, glass 
and metal) quantity model.  
 
Waste separation practices are minimal in the DMMC area as elsewhere in Sri Lanka. 
About 20% of the sample households reported as no waste separation at all while only 
about 19% of households separate all recyclable waste types (paper, plastic, glass and 
metal). Only about 5% of the sample households reported hazardous waste. The factors 
affecting packaging waste separation were: the regularity of the collection service; door-
to-door collection; the frequency of the waste collection; the monthly income of the 
household and the percentage of household members who were employed. 
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The widely used disposal method practiced by sample households for all types of waste 
is handing it over to a municipal waste collection service. The composting of organic 
waste is practiced by only 7% of the population. The burning of waste is only practiced 
by 3.3% of the sample households. Only about 2% of the sample households reported 
using recycling centres. However, about 25% of households use private sector mobile 
waste collectors.  
 
Waste collection service features, such as their frequency, regularity and the method of 
collection, were different among households. The collection of waste once or twice per 
week was recorded by 46.0% of the households, followed by an every other day 
collection, which was reported by 52.7%. Daily waste collection was only reported by 
1.3% of the sample households. Out of the waste collection methods practiced in the 
DMMC area, 50% of households received either a door-to-door or kerbside collection 
service. Further, 48.3% of households received a vehicle collection (block collection) 
service while only 1.7% received a communal bin collection service. The main issue 
that was identified in the results was the absence of regular waste collection days for 
70% of the sample households.  
 
AAB relating to SSWM practices 
According to the responses of AAB for SSWM practices, most of the awareness and 
attitudes statements (S1, S2, S4, S6, S7, S14, S15, S16, S17, S18 and S19) scored 
higher agreement levels. However, statements relating to recycling and composting 
behaviour (S5, S13) scored lower agreement levels.  
 
Three components were extracted from 19 statements using the principal component 
analysis. These were: awareness and attitudes regarding waste related problems; 
behavioural intention and attitudes relating to recycling; and behavioural intention and 
attitudes relating to composting. These components show the linkage between 
awareness, attitudes and behavioural intentions in regard to participating in SSWM 
practices.  
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Preference for an improved waste collection service 
The most preferred option obtained from CE comprised; a source separated waste 
collection (recyclable and non-recyclable waste), three times per week, door-to-door 
with a zero charge. About 55% of households opted for a source separated waste 
collection, 48.6% for a three times per week door-to-door waste collection, and about 
62% for a zero monthly payment. In summary, general public preferred to separate 
waste at household level in order to receive a better service at a zero fee.    
The average monthly payment that households revealed in the CE was Rs. 72.50. 
 
WTP for an improved waste collection service 
The average households’ WTP for an improved waste collection service in the DMMC 
area, obtained from an open ended format of CVM, was Rs. 9.49. About 67% of the 
sample households stated positive WTP values for an improved waste collection 
service. 
 
The independent variables such as the monthly income of the household, DH waste 
quantity, vehicle collection, once a week waste collection, twice a week waste collection, 
and the age of the respondent over 60 years were included in the WTP regression model. 
 
The charge level for WCC 
By considering the total cost of Rs. 34.50 for HSW management, the finalized charge 
level for 5kg garbage bag was Rs. 35.00. The households’ WTP of Rs. 9.49 can be used 
to determine the charge level at the implementing stage by policy makers’ and to 
subsidize low income households.  
 
5.2. Policy suggestions 
The following policy suggestions, which were obtained by modelling, are useful for 
policy makers to understand and correct the available issues in managing the HSW 
sector in the DMMC area.  
 
1. Bag based WCC for mixed HSW can be used to reduce the disposal of mixed 
waste by encouraging SSWM practices. The possible negative impact of this charge 
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on low income households will be minimized due to the following reasons. Higher 
income households were found to have a higher demand for the municipal waste 
collection service as they dispose of more waste (Table 4.1). Again, higher income 
households showed lower waste separation practices in comparison to low income 
households (Table 4.8). Therefore, as high income households produce more mixed 
waste and lower waste separation levels, they will have to pay more. In that sense, the 
low income households, who are generally disposing of a low quantity of mixed waste 
and engaging in separation practices, will not be negatively affected by the suggested 
WCC. Furthermore, higher WTP values for the WCC were reported by high income 
households (Table 4.23). Further, having 67% of positive WTP values shows the 
potential of implementing a quantity based charge for mixed waste. For these reasons, 
quantity based WCC of HSW can be justified for DMMC area. This charge will 
encourage households to engage in more waste separation practices. 
 
2. A waste collection service with sufficient collection frequency and regular 
collection days is a requirement in the DMMC area. This encourages household 
waste separation and recycling practices and help to prevent illegal dumping activities. 
It also helps to minimize the damaging of waste bags and thereafter scattering of waste 
along roadsides by stray animals and, hence the cost of road cleaning. A higher 
preference for a source separated waste collection service and three times per week 
door-to-door collection was revealed using the CE (Table 4.18). The results of the 
regression models (Table 4.8, 4.9 and 4.10) also confirmed the positive effect of; a 
higher frequency of waste collection; a regularity of collection days; and the door-to-
door method of collection in regard to waste separation practices. Installing communal 
bins to dispose of waste bags when households are not at homes at the time of a waste 
collection is also useful in order to avoid fly-tipping.  
 
3. It is essential to offer a reliable and convenient recyclable waste collection 
service in order to encourage households to engage in waste separation practices. 
Considering the fact that 10% of the HSW is recyclable waste (Table 4.3) offering this 
service can be justified. As shown in Table 4.8, the negative effect of household 
members being employed with regard to the amount of waste separation undertaken 
proves need of sufficient time to engage in waste separation practices. Therefore, it is 
essential to provide a convenient collection service free of charge in order to encourage 
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more households to participate in the programme. Providing incentives such as 
discounted or free storage bins will help to make waste separation practices attractive.  
 
4. Offering an organic waste collection service and free or subsidized compost 
bins for households is important due to organic waste being the main contributor 
to the HSW stream. Organic waste separation was found to be positively affected by 
the amount of land belonging to a particular household (Table 4.9). Therefore, 
household level composting is feasible especially in households where there is extra 
land available to keep a compost bin or compost pit. Providing technical assistance and 
free compost bins will also make household level composting successful. Offering a 
separate organic waste collection service will encourage organic waste separation by 
households, even those without extra land, free time or an interest in composting.  Due 
to a large proportion of HSW comprising of organic waste, it would be more beneficial 
to offer this service free of charge. This would lower the cost of mixed waste collection 
and disposal to the DMMC while having revenue from compost.  
 
5. Hazardous waste collection facilities are useful in order to minimize any 
harmful impact. The separation of household hazardous waste is not particularly 
significant (Table 4.7) and is, in fact, largely ignored in the DMMC area. Therefore, 
policy enforcements are needed to ban the disposal of this type of waste alongside 
normal waste. Collection facilities should be designed to collect household hazardous 
waste items.  
 
6. It is important to offer awareness campaigns in order to improve 
environmental knowledge and encourage environmental enthusiasm amongst 
society. Awareness and knowledge play a major role in the SSWM practices of 
households in developing countries; this is also true of the DMMC area. The resultant 
links (Figure 4.8) between the awareness, attitudes and behavioural intentions regarding 
recycling and composting revealed the importance of awareness in engaging in SSWM 
practices. Furthermore, higher waste separation practices were reported among educated 
households (Table 4.8). Even though self-reported awareness regarding the harmful 
impacts of waste is higher among the sample households (Table 4.13), waste separation 
practices are not common in the DMMC area (Table 4.7). This was same for hazardous 
waste as well. It is therefore, important to fill the knowledge gap regarding waste 
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separation, recycling and composting by using awareness campaigns. Although general 
waste education is contained in the school curriculum, it is important to include more 
detailed information regarding waste management. 
 
5.3. The suggested waste collection charge for the DMMC area 
In order to internalize the total cost of HSW management a WCC was designed for the 
DMMC area in Sri Lanka. For the implementation of the scheme, this study suggested 
that the bag based charging method was the most appropriate. The charge was designed 
to be a pre-paid charge in order to minimize the administrative cost and to avoid any 
issues of non-payment. The basic size of the bag was suggested as 5kg with the charge 
level of Rs. 35 per bag. With this charge, a three times per week door-to-door waste 
collection with regular collection days, a recyclable and compostable waste collection 
should be provided by the DMMC.  
 
5.3.1. Recommendations for implementing the charge scheme 
When implementing the WCC, the design of the rate structure, potential problems, its 
popularity, political support, and the need for education and enforcement mechanisms 
all need to be considered (Miranda et al., 1996). Therefore, the following 
recommendations are aimed at avoiding the possible problems that may otherwise arise 
when implementing the WCC. 
 
Charge level  
For the purpose of cost recovery and encouraging households to participate in SSWM 
practices, it is important to have a well-designed charging system for the waste 
collection service. The policy makers can decide the actual charge level by considering 
the suggested charge level, WTP value of the households and various other aspects 
when implementing this scheme.  
 
The impact of the fee on low income residents is an important factor which needs to be 
considered (Zhang et al., 2010). Revealing the demand of all income groups will make 
the unit price viable in the sense of general public. Subsidising poor households in the 
charging structure is useful. Dresner and Ekins (2010) put forward the idea of removing 
a percentage of the council tax prior to the charging system being implemented in order 
to reduce the amount of protest from the general public who believe that a waste 
171 
 
collection fee is included in the council tax. However this percentage needs to be 
calculated properly in order to accommodate the cost effectiveness in providing services 
in consideration of the difference between rich and poor. For this purpose, policy 
makers can consider the WTP by different income levels, in order to minimize any 
social disagreements.  
 
For the purpose of implementation, the suggested charge level for a 5kg capacity waste 
bag needs to be related to bag volume (dimensions of the bag). Such weight related 
estimations were used due to the difficulty in estimating a volume related estimations 
since all the cost figures are available as weight related figures (Eg. per tons). 
Therefore, relating the estimated charge level for 5kg to the real dimensions of a bag 
which has a capacity of 5kg is both meaningful and easily determined by the LA with 
only a small amount of research. Using this basic size, other sized bags could thereafter 
be designed by the LA. The production cost of the bag is also needed to be considered 
when pricing the garbage bags.    
 
It is essential to estimate the quantity of waste dispose before and after introducing the 
charge in order to understand any subsequent effect of the charge. This is also useful in 
order to evaluate any possible need to change the charge level to a better fit the situation 
in the area. Due to waste from commercial premises, institutions and small industries 
within the city boundaries also being collected by the municipal waste collection 
service, the LA can use similar charging methods to them as well. Experience gained 
from the HSW will be useful in designing a scheme for the industrial/commercial 
sectors.  
 
Complementary programmes 
Since unit based (bag) methods result in less demand for waste collection systems and 
an increased demand for waste diversion methods, such as recycling and composting 
(Miranda et al., 1996; UNEP, 2005b), charging system cannot be successful without 
recyclable and compostable collection services. Therefore, they have been identified as 
the drivers to the success of unit based programmes by many previous studies (Dahlén 
et al., 2007; Jenkin et al., 2003; Miranda & Aldy, 1998; Sterner & Bartelings, 1999; van 
Beukering et al., 2009). Therefore, these types of complementary programmes need to 
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be facilitated with the charging scheme (both government and private) in order to avoid 
the illegal diversion of waste.  
 
It is important to offer a free organic waste collection service. This will motivate 
households to undertake more waste separation practices. The cost to the LA associated 
with the collection and composting need to be considered in the financial decision 
making process. However, there is a threat of householders mixing other mixed waste 
with organic waste by households in order to reduce the mixed waste disposal charge 
(van Beukering et al., 2009). This will lower the quality and increase the toxicity of the 
compost. A reasonable charging system, along with awareness programmes can 
minimize this problem. A private sector or community level buying mechanism for 
compostable waste will also be cost effective and, hence, it will be sustainable if the 
cost of collection and composting can be recovered by government incentives and 
revenue from compost.  
 
Separated recyclable waste by households should be collected by the waste collection 
service free of charge or in accordance with a buying system, in order to encourage 
waste separation. This would result in more waste separation at household level. The 
income from the increased quantity and quality (cleaner when separated at the source) 
of recyclable material can offset the cost of offering such a free recyclable waste 
collection service. Further, Ayalon et al. (2013) and Jenkins et al. (2003) found that the 
comprehensiveness of the recyclable collection system was a determinant regarding the 
households’ recycling. Therefore, further to the introduction of the WCC, an efficient 
and convenient free recyclable waste collection system is needed for the Sri Lankan 
situation.  For bulky items, designated dumping yard or a free collection service (at a 
regular frequency) can be set in order to avoid haphazard dumping in public places. 
 
Revenue instability  
Enviros Aspinwall (2000), Canterbury and Hui, (1999) and Skumatz (1993) have 
provided a critique stating that there is unstable revenue involved in bag based charging 
method compared to that of a bin method. This is because, in the latter, the LA is able to 
forecast the minimum revenue based on the smallest service (bin) level. When there is a 
WCC, the mixed waste disposal quantity through the municipal collection service can 
be reduced. Therefore, it will be difficult to obtain an accurate estimation of the revenue 
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from the WCC before its implementation. Since LA’s current budget will remain almost 
same, the variability of the new flow of revenue which is coming from WCC can be 
overlooked. 
 
Illegal dumping  
The illegal dumping of waste can be expected in any priced waste collection system 
(EPA Ireland, 2005). Even for a well-designed waste charge, suitable laws are needed to 
stop illegal dumping, especially in the introductory stage. Suitable laws and methods of 
enforcement against illegal dumping can minimize such outcomes. It was found that, 
WCC are successful when implemented in association with other policy instruments, for 
example, fines for illegal disposal and burning (Choe & Fraser, 1999; Denne, 2005; 
Miranda et al., 1996; UNEP, 2005b). Affordable charge level along with suitable, 
reliable and sufficient waste collection service features (priced mixed waste collections 
and free compostable and recyclable waste collections), convenient ways of buying 
waste bags along with awareness programmes, and monitoring and fines will minimize 
the amount of illegal dumping being carried out by the households.  
 
Transparency of the scheme 
Public protest is unavoidable when increasing the amount of tax to be paid even if it is 
in the form of a WCC; this is especially so in a developing country. This happens due to 
the loss of a free garbage collection service (Miranda et al., 1996). Charging households 
a municipal council tax makes them think that they are paying for basic services that 
include a waste collection service. Even in non-charging situations, respondents 
generally expect all their services free of charge. They believe it is LA’s responsibility 
to provide all the services free of charge (Coffey & Coad, 2010). As discussed before, 
the prevalent collection and disposal practices have become unsuccessful due to many 
of the LAs in developing countries running with a financial deficit. The negative 
experience of the current inefficient waste collection will make low willingness to pay 
extra taxes even for an improved service. This negative attitude of the households will 
also make negative political support for these kinds of schemes (Rammont & Amin, 
2010). Further, the charge can be justified if it improves the service level and 
behavioural changes in a cost effective manner (Deutsche Gesellschaft für 
Internationale Zusammenarbeit, 2012). Therefore, as O’Connor (1996) stated, 
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improving the transparency of the charge and the trustworthiness that the revenue from 
the WCC is being put to improve waste management is important to lower opposition.  
 
 
Sanitary landfilling 
It is vital to implement this charge along with a sanitary landfilling method as the 
disposal method in order to minimize the harmful impacts of disposal. Due to there 
being no current sanitary landfills catering for the DMMC area, the aim of charging the 
waste does not fulfil the main aim of minimising the social and environmental cost that 
is the purpose of this study. The possible revenue from the WCC can finance such a 
method in the DMMC area.  
 
 
5.4. Suggested procedure for further applications  
This study provides a procedure to be used in order to develop a bag based WCC with 
minimal data needs. This will enable willing LAs to implement a bag based charge to 
manage the HSW sector in Sri Lanka and developing countries. The suggested steps are 
as follows: 
 
1. Estimate the generation and composition of HSW per household, as this helps to 
understand the current need for a waste collection service; 
2. Study the households’ current practices and attitudes in relation to SSWM practices 
in order to accommodate their ideas in the design of appropriate facilities; 
3. Reveal the preferred features of an improved waste collection service using CE 
method; 
4. Calculate the total cost of waste management (efficient collection cost and sanitary 
landfilling cost) per unit of waste; 
5. Estimate the WTP for disposing of a unit of waste in a hypothetical market using 
CVM. This hypothetical market can be determined by the desires of the LA and 
households ideas obtained from step 3; 
6. Decide a per unit charge level by incorporating both the cost of waste management 
and WTP; 
7. The insights obtained from the modelling of waste generation, composition, waste 
separation practices, AAB relating to SSWM practices and WTP values can be used 
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to identify the most influential factors to develop and improve policies in order to 
encourage SSWM practices by both households and LAs; and  
8. Revise the charge level after a certain period of time by reviewing the effects of the 
charge upon the quantity of waste disposal, the quantity of recycling and any illegal 
dumping activities.  
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Appendix 1 
Invitation letter, Information letter, Consent form 
 
Invitation Letter 
 
Name of the researcher: Indunee Welivita                         FHSS REC Ref No: E197 
Date:  
Study Title: Towards designing a Sustainable City: Role of Economic Instruments 
in managing Household Solid Waste sector 
Dear Sir/ Madam, 
I am a PhD student at the University of Portsmouth, England. In my research, I am 
trying to understand current practices of waste management and househols’ attitude 
towards sustainable waste management. This study is essential to develop a better 
solution to waste problem in Dehiwala – Mt. Lavinia Municipal Council area which is 
also my study area.  
 
It is planned to survey of selected households for this study. Your household has been 
selected randomly for this research from the and I would like to invite you to participate 
in this important study. If you wish to take part in this survey, an interviewer will visit 
your place for a “face-to-face interview” to obtain your answers for several questions 
regarding waste disposal and socio economic information, which will take maximum 15 
minutes. And interviewer will be further asked you to collect (separated) your one 
weeks’ waste in 5 bags as organic (yard and kitchen), Paper & Cardboard, Plastic & 
Polythene, metal & Glass. Your waste will be measured 3 times during the week.  
 
You do not have to answer any question if you don’t want to. Your answers will be 
treated as confidential and use only for the purpose of the research. If you wish to 
withdraw your participation for any reason it will be easily accepted up to data 
analysing point. More details about the interview will be attached to this letter.  If you 
wish to spend your precious time for this interview and allow measuring your waste 3 
times for one week, please sign in the consent form. Your participation for this research 
is highly appreciated. Thank you very much for paying attention to this letter.  
 
Yours truly,  
Name: Indunee Welivita 
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Participant Information sheet 
 
Study Title: Towards designing a Sustainable City: Role of Economic Instruments 
in managing Household Solid Waste sector  
 
What is the purpose of the study? 
The purpose of this study is to determine the current status of household solid waste 
generation, separation, disposal and collection by the municipality. Households’ 
attitudes regarding sustainable waste management practices are also studied. In order to 
improve the sustainable solid waste management in the area, this study aims to develop 
a waste collection charge using total cost and, households’ willingness to pay value for 
an improved waste collection service.  
 
Why have I been invited? 
A randomly selected sample of 300 households in Dehiwala/ Mt. Lavinia Municipal 
Council area will be included for this study. You are going to be one of them and your 
participation is very important for the success of this research. 
 
Do I have to take part? 
It is your decision to take part in this survey, however; I highly appreciate your 
participation. Information you would provide is very important for the success of the 
study. If you wish to take part in the survey, please return the completed consent forms.  
 
What will happen to me if I take part? 
Questions are presented to find out your current waste related practices and your 
preference for a sound waste management service in your neighbourhood. We also ask 
some socio-economic questions about yourself which will remain completely 
confidential. This will help us to place your views in relations to others with both 
similar and different characteristics of yourself.   
 
What are the possible disadvantages and risks of taking part? 
You may have inconveniences of collecting your waste separately in different bags 
provided and keep until the interviewer measure them. However, you don’t need to be at 
home always as interviewer will inform dates and times of measuring at the first day. If 
you are not in the home in the days of waste measurements taking place, you can leave 
the bag at the gate or at a place you prefer. I would like to ensure that the interviewer 
will not enter in to your premises without your permission. 
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What are the possible benefits of taking part? 
There are no direct benefits for the participants. However, your suggestions and 
attitudes will be very useful to improve waste management practices in your area. 
 
Will my taking part in the study be kept confidential? 
Your identity is not needed in this survey. Your answers are confidential during and 
after the research.  
 
What will happen if I don’t want to carry on with the study? 
You can withdraw your participation during or after the study until the data analysing 
stage.  
 
What if there is a problem? 
If you have any problem about the research, please don’t hesitate to contact the 
Researcher (tel: ) or the Supervisor (tel: ). If you feel unhappy you can complain to the 
Head of the department (address:).  
 
What will happen to the results of the research study? 
The results of the study will be used to write the thesis for my PhD. The results will be 
published in several conferences and peer reviewed journals. If you like to have a copy 
of the extended summary, I will send you after the study.  
    
Who is organising and funding the research? 
This research is carried out under the supervision of University of Portsmouth. This is a 
self-funded study.  
 
Who has reviewed the study? 
This research is reviewed and approved by the “Research Ethics Committee” of the 
University of Portsmouth. 
 
Further information and contact details 
Thank you very much again for allocating your valuable time to read this information 
sheet. If you wish to participate in this survey please send the consent form to the given 
address. After the interview you will be given a copy of consent form to keep with you.  
 
Contact for further information: 
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Consent Form 
 
Study Title: Towards designing a Sustainable City: Role of Economic Instruments 
in managing Household Solid Waste sector  
 
FHSS REC Ref No: E197 
Name of the researcher: Indunee Welivita 
 
1. I confirm that I have read and understood the invitation letter and 
information provided.  
 
2. I understand that my participation is voluntary and that I can withdraw my 
participation any time without giving any reason, (up to the point of data 
analysis) 
 
3. I agree to take part in the above study. 
 
Name of Participant: 
Date: 
Signature: 
 
Name of Person taking consent: 
Date:  
Signature: 
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Appendix 11 
 
Household questionnaire 
Survey questionnaire on designing a Sustainable Waste Management system in 
Dehiwala – Mt. Lavinia Municipal council area 
Indunee Welivita 
University of Portsmouth, United Knigdom. 
 
Please separate the waste you normally dispose in to municipal collection acoording to 
the categories given in the table and collect in to 6 separate bags given to you. 
 
1. Organic waste  
Kitchen waste – Both cooked and 
uncooked food waste etc. 
 
 
 
 
 Yard waste –  
 
 
 
 
2. Plastic and Polythene 
Bags, packagings, solid plastic items, 
pens, bottles, toys etc. 
3. Paper and Cardboard 
Newspaper, writing paper, magazines, 
books, cardboard boxes, food & drink 
wrappers, lids etc. 
 
 
 
4. Metal 
Aluminium cans, small vehicle parts, 
appliances, equipment, lids etc. 
 
 
 
5. Glass 
Glass pieces, glass bottles (without 
metal or plastic lids) 
 
 
6. Other 
Textile, Wood, Rubber, Coconut shells, Shoes, baterries (any thing which isn’t fit in 
to other categories) 
 
Waste measuring dates 
1. Organic waste - ……………..……… 
2. Organic waste - …………………….. 
3. All waste - ………………………….. 
If you are not in the house in above 
dates place your waste at 
…………………………………………. 
…………………………………………. 
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Survey questionnaire on designing a Sustainable Waste Management system in 
Dehiwala – Mt. Lavinia Municipal council area 
Indunee Welivita, University of Portsmouth, United Knigdom 
 
 
Part 1: Current waste generation, separation, disposal and collection  
1. Separation and disposal practices 
              Organic     Plastic       Cardboard    Glass   Metal        Other 
                           & Polythene     & Paper                                (name it) 
Separation  
MC collection 
Mobile collectors   
Recycling centres   
Burning  
Composting 
Dump in public lands 
Other ………………………..……………..….……………….…………………… 
       
2. How do you dispose the hazardous waste (household/garden chemicals & poisons, 
expired medicines, dry batteries, fluorescent bulb, burnt oil, paint, vehicle batteries) 
Separate from other waste  Yes  No 
MC collection 
Keep some where in the garden or house 
Dumping in public lands 
Other …………………………………………………………………………….. 
 
Waste collection service 
3. Current municipal collection frequency 
Days known   Days unknown 
Once a week 
Twice a week  
Every other day 
Daily 
Other ………………………………………………………………………………. 
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4. Current municipal collection type   
Door to door/kerbside 
Block (give to vehicle) 
Communal (common bin) 
Other ……………………………………………………………………………… 
 
5. Do you expect to have an improved waste collection service?              or 
Are you satisfied with the current service? 
 
Current waste generation – measured 
6. Please separate your one week’s waste in to 6 bags given, according to the 
categories instructed in the sheet which was given to you.  
Weekly generated waste quantity (Kg)  1  2          3  
Organic (kitchen & Yard) 
Plastic & polythene    
Paper & cardboard    
Glass      
Metal      
      Other …………………………… 
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Part 2: Preference for a Sustainable waste collection system 
Population in urban areas is mainly high due to available economic opportunities. As a 
result urban area creates very high amount of waste causing significant problems. 
Among others haphazard waste generation and disposal by waste generators, inefficient 
collection and unsustainable methods of disposal have created environmental, social and 
economic problems in urban area. Municipalities are not in a situation to manage waste 
sustainably due to their technical, financial, institutional and social constraints.  
 
 
 
 
 
 
Since the main contributor of solid waste is household sector in many municipalities, 
we are planning to introduce a new solid waste management system (hypothetical) to 
improve sustainability. Waste management Dehiwala – Mt. Lavinia Municipal council 
area facilitates waste separation at the source and improve the waste collection 
frequency. There is a minimal cost to households in going the scheme. We would like to 
find out your views and preference for the scheme. Please read the options given below 
and select your most proffered option. Please remember that there are no absolute 
“right” or “wrong” answers.  
 
Waste separation types definitions 
 Mixed - collecting and disposing all the waste together to the municipal collection 
 Recyclables & non-recyclables - separating your waste as dry recyclables and other 
(non-recyclable) waste before giving to municipal collection 
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7. Please tick a one box (next to your preferred choice) 
 
 Waste segregation 
type  
Frequency and 
type of collection 
Monthly fee Preference 
1 Mixed 
 
 
 
 
Twice a week at 
door 
 Rs: 0 
This is my 
preferred option 
2 Recyclables & 
Non recyclables  
 
Put in a communal 
bin  
 Rs: 150 
This is my 
preferred option 
3 Mixed 
 
 
 
 
Twice a week at 
door 
 Rs: 300 
This is my 
preferred option 
4 Recyclables & 
Non recyclables 
 
Put in a communal 
bin  
 
 
 
Rs: 300 
This is my 
preferred option 
5 Recyclables & 
Non recyclables 
 
Three times a week 
at door 
Rs: 150 
This is my 
preferred option 
6 Mixed 
 
 
 
 
Three times a week 
at door 
Rs: 150 
This is my 
preferred option 
7 Recyclables & 
Non recyclables 
 
Three times a week 
at door  
Rs: 0 
This is my 
preferred option 
8 Recyclables & 
Non recyclables 
 
Twice a week at 
door 
 Rs: 0 
This is my 
preferred option 
9 Mixed 
 
 
 
 
Put in a communal 
bin  
 
 
 
Rs: 300 
This is my 
preferred option 
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 Waste segregation 
type  
Frequency and 
type of collection 
Monthly fee Preference 
1 Mixed 
 
 
 
 
Three times a week 
at door 
Rs: 300 
This is my 
preferred option 
2 Recyclables & 
Non recyclables 
 
Twice a week at 
door 
 Rs: 150 
This is my 
preferred option 
3 Recyclables & 
Non recyclables 
 
Put in a communal 
bin  
 Rs: 0 
This is my 
preferred option 
4 Mixed 
 
 
 
 
Put in a communal 
bin  
 Rs: 150 
This is my 
preferred option 
5 Recyclables & 
Non recyclables 
 
Three times a week 
at door 
Rs: 300 
This is my 
preferred option 
6 Mixed 
 
 
 
 
Three times a week 
at door 
Rs: 0 
This is my 
preferred option 
7 Recyclables & 
Non recyclables 
 
Twice a week at 
door 
 Rs: 300 
This is my 
preferred option 
8 Mixed 
 
 
 
 
Put in a communal 
bin  
 Rs: 0 
This is my 
preferred option 
9 Mixed 
 
 
 
 
Twice a week at 
door 
 Rs: 150 
This is my 
preferred option 
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Part 3: Sustainable Waste Management practices 
 
8. Please circle the select your preferred level for each attitude 
 
Attitude 
 
 
 
 
 
 
 
 
 
 
 
    
Waste Reduce / Reusing      
I am aware that reducing waste is good for sustainability of 
the city  
1 2 3 4 5 
I would like to minimize waste by buying less packaging  1 2 3 4 5 
I am reusing the materials to reduce waste  1 2 3 4 5 
There are not enough incentives for us to reuse and recycle 1 2 3 4 5 
      
Waste Recycling (separation)      
I am recycling the waste materials which can be recycled 1 2 3 4 5 
I like it if someone collects recyclable items from my home 
for a fee 
1 2 3 4 5 
I like to separate waste if there is a regular mobile 
collection for recyclable materials 
1 2 3 4 5 
I would like to take my recyclable waste to drop-in centres 1 2 3 4 5 
I like it if the recyclable collection facilities are more 
frequently available in the city 
1 2 3 4 5 
      
Waste Recover (composting)      
I know how to make compost 1 2 3 4 5 
I have no time to make compost 1 2 3 4 5 
I have enough land to make compost  1 2 3 4 5 
We are making compost at home 1 2 3 4 5 
      
Environmental Concerns      
I am aware of the negative impact of plastic waste burning  1 2 3 4 5 
I am aware of the negative impacts of fly-tipping of waste  1 2 3 4 5 
I am aware that hazardous waste is not to be disposed of 
with normal waste  
1 2 3 4 5 
The DMMC should offer a hazardous waste collection 1 2 3 4 5 
Disposing waste in an environmentally friendly way is the 
responsibility of the DMMC 
1 2 3 4 5 
We should protect the natural environment from waste for 
the sake of future generations 
1 2 3 4 5 
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Part 4: Demand (WTP) for waste disposal service 
The current waste collection system is neither efficient nor environmentally friendly due 
to a lack of funds. Suppose that there was to be a new system using a “Pay as you 
throw” method, which would mean that you would have to pay for the quantity of 
mixed waste you dispose of. This method encourages households to reduce waste 
production which thereby reduces the space on landfill sites while financing the DMMC 
to provide a better service. If you are unable to reduce your household waste, you have 
to pay for the quantity of waste disposed of. Simply, if you reduce waste you pay less.  
 
You can reduce waste by buying less packaged items, reusing and separating your waste 
at source and disposing of them at recycling centres or via recycling collection services, 
free of charge. Food waste can be composted or collected by DMMC. In this way you 
will be able to reduce the amount of waste disposed of in the mixed waste collection.  
However, if you choose mixed waste option, there is a charge. 
  
Under the new system, you will receive a regular mixed waste collection three times a 
week, compostable waste collection three times a week and a recyclable collection once 
a week at your door/kerb; with a charge for the service. This is a kind of pre-paid bag 
based charge. You need to buy these bags and leave your waste in them in order to get 
them collected by the waste collection service. The waste in any unlabelled bags will 
not be collected. The collected mixed waste will be deposed in a sanitary landfill in 
order to minimize the harmful impacts. The money collected from the waste collection 
charge will be used to improve environmental friendly waste management in the 
DMMC area by the municipality. 
  
9. How much would you be willing to pay for a garbage bag with a capacity of 5 kg of 
waste? Rs: …………………… 
Reason for zero response (if any) 
I don’t have a monetary value of the given service  
I can’t afford 
I don’t want to pay; DMMC should offer this service free of charge   
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Part 5: Socio-Economic data 
 
10. Number of people living in your household   ............................. 
 
11. Gender     You  Your family members (numbers) 
Male 
Female 
 
12. Age   You  Your family members (numbers) 
18 - 
18 – 34 
35 – 44 
45 – 59 
60 + 
 
13. Education            You Your family members (numbers) 
Below O/L 
Up to O/L 
Up to A/L 
Vocational  
University 
Infants 
Other ……………………………………………………….. 
 
14. Employment          You      Your family members (numbers) 
Full time education 
Full time employed 
Unemployed 
Retired 
Other ……………………………………………………….. 
 
15. Ownership of the property 
Own                                 Rent                                 Other 
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16. Amount of land area (Perches) …………………………. 
 
17. Monthly income of the household Rs: 
0 – 9999     50000 - 59000 
10000 – 19999    60000 - 69000 
20000 – 29000     70000 - 79000 
30000 – 39000    80000 or more 
40000 - 49000 
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Appendix III: Secondary data 
 
Data description Figure Reference 
Waste collection cost 
of DMMC 
Rs.252,711,000.00 
per year 
Dehiwala – Mt. Laviniya Municipal 
Council (2013) 
Daily waste collection 
in DMMC 
200 tonnes Dehiwala – Mt. Laviniya Municipal 
Council (2013) 
Cost of sanitary 
landfilling 
Rs.3340.00 per 
tonne 
Menikpura et al., 2012 
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Appendix IV: Outputs of the main analyses 
 
1. Regression model for DPC waste quantity generation  
 
Model Summary
b 
Model R R Square Adjusted R 
Square 
Std. Error of the 
Estimate 
Durbin-Watson 
1 .682a .465 .460 82.71532 1.719 
a. Predictors: (Constant), Family members having A/L or higher education, No of people 
in the household, Monthly income  
b. Dependent Variable: Daily per capita total waste (g) 
 
 
ANOVA
a 
Model Sum of Squares df Mean Square F Sig. 
1 
Regression 1762281.599 3 587427.200 85.858 .000b 
Residual 2025179.751 296 6841.823   
Total 3787461.351 299    
a. Dependent Variable: Daily per capita total waste (g) 
b. Predictors: (Constant), Family members having A/L or higher education, No of people in the 
household, Monthly income  
 
 
Coefficients
a 
Model Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. Collinearity 
Statistics 
B Std. 
Error 
Beta Tolerance VIF 
(Constant) 400.893 15.815  25.349 .000   
No of people in the household -25.033 2.707 -.405 -9.247 .000 .944 1.059 
Monthly income of the household .003 .000 .554 12.097 .000 .861 1.161 
Family members having A/L or 
higher education 
.347 .155 .102 2.239 .026 .863 1.159 
a. Dependent Variable: Daily per capita total waste (g) 
 
 
 
 
 
228 
 
2. Regression model for waste separation   
 
 
Model Summary
b 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
Durbin-Watson 
1 .437a .191 .175 26.20486 1.495 
a. Predictors: (Constant), Family members with occupation, Waste collection is regular or no, Waste 
collection frequency per week, Members with AL or higher education, door to door dummy, Monthly 
family income 
b. Dependent Variable: amount of waste types separate  
 
 
ANOVA
a 
Model Sum of Squares df Mean Square F Sig. 
1 
Regression 47616.711 6 7936.119 11.557 .000b 
Residual 201201.502 293 686.695   
Total 248818.213 299    
a. Dependent Variable: amount of waste types separate 
b. Predictors: (Constant), Family members with occupation, Waste collection is regular or no, Waste 
collection frequency per week, Members with AL or higher education, door to door dummy, Monthly 
family income  
 
 
Coefficients
a 
Model Unstandardized 
Coefficients 
Standardize
d 
Coefficients 
t Sig. Collinearity 
Statistics 
B Std. 
Error 
Beta Tolerance VIF 
(Constant) 7.315 6.640  1.102 .072   
Members with AL or higher 
education  
.085 .049 .098 1.746 .082 .875 1.143 
Regularity of waste collection  7.416 3.490 .118 2.125 .034 .895 1.117 
door to door dummy variable 9.495 3.185 .165 2.981 .003 .902 1.108 
Waste collection frequency 
per week 
12.388 2.226 .298 5.564 .000 .960 1.041 
Family monthly income  .000 .000 -.145 -2.545 .011 .853 1.172 
Family members with 
occupation  
-.114 .067 -.094 -1.692 .092 .904 1.106 
a. Dependent Variable: amount of waste types separate 
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3. Pattern matrix of principal Component Analysis (Orthogonal Solution, 
Loadings) 
 
Direct Oblimin Rotation 
 
Pattern Matrix
a 
 Component 
1 2 3 
Attitude 19 .796   
Attitude 15 .711   
Attitude 17 .698   
Attitude 18 .658   
Attitude 14 .643   
Attitude 1 .597   
Attitude 4 .533   
Attitude 16 .480   
Attitude 6  .790  
Attitude 7  .684  
Attitude 9  .652  
Attitude 8  .541  
Attitude 5  .510  
Attitude 2  .462  
Attitude 13   .734 
Attitude 12   .654 
Attitude 11   -.565 
Attitude 10   .430 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Oblimin with Kaiser Normalization. 
a. Rotation converged in 6 iterations. 
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Varimax Rotation 
Rotated Component Matrix
a 
 Component 
1 2 3 
Attitude 19 .782   
Attitude 15 .708   
Attitude 17 .691   
Attitude 18 .658   
Attitude 14 .654   
Attitude 1 .593   
Attitude 4 .532  -.315 
Attitude 16 .496   
Attitude 6  .782  
Attitude 7  .676  
Attitude 9  .658  
Attitude 8  .533  
Attitude 5  .514  
Attitude 2 .326 .470  
Attitude 13   .740 
Attitude 12   .660 
Attitude 11   -.557 
Attitude 10 .342  .424 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 4 iterations. 
 
Total Variance Explained 
Component Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % 
1 3.611 20.061 20.061 
2 2.420 13.447 33.508 
3 1.790 9.942 43.450 
Extraction Method: Principal Component Analysis. 
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4. Regression model for WTP values 
 
Model Summary
b 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
Durbin-Watson 
1 .531a .282 .267 9.645 1.703 
a. Predictors: (Constant), Respondent's age over 60 dummy, Daily family Total waste amount (g), 
vehicle collection dummy, Once a week collection dummy, Twice a week collection dummy, Family 
income  
b. Dependent Variable: Willingness to pay for charge 
 
 
ANOVA
a 
Model Sum of Squares df Mean Square F Sig. 
1 
Regression 10701.508 6 1783.585 19.171 .000b 
Residual 27259.439 293 93.036   
Total 37960.947 299    
a. Dependent Variable: Willingness to pay for charge 
b. Predictors: (Constant), Respondent's age over 60 dummy, Daily family Total waste amount (g), 
vehicle collection dummy, Once a week collection dummy, Twice a week collection dummy, Family 
income 
 
 
Coefficients
a 
Model Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. 95.0% 
Confidence 
Interval for B 
Collinearity 
Statistics 
B Std. 
Error 
Beta Lower 
Bound 
Upper 
Bound 
Tolera
nce 
VIF 
(Constant) 6.930 1.829  3.789 .000 3.330 10.530   
vehicle dummy -2.342 1.131 -.104 -2.071 .039 -4.567 -.116 .971 1.030 
Once a week 6.842 1.924 .185 3.557 .000 3.056 10.628 .904 1.106 
Twice a week 2.828 1.209 .122 2.339 .020 .448 5.209 .894 1.118 
Family income 
category mid 
.000 .000 .538 9.236 .000 .000 .000 .722 1.385 
Daily family Total 
waste amount g 
-.004 .001 -.264 -4.469 .000 -.006 -.002 .704 1.420 
Respondent's age > 60  -2.560 1.470 -.088 -1.741 .083 -5.453 .334 .958 1.044 
a. Dependent Variable: Willingness to pay for charge 
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